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Executive Summary

The Guideline for Environmental Infection Control in Healthcare Facilities, 2001 is a compilation of
recommendations for the prevention and control of infectious diseases that are linked to healthcare
environments. This document: 1) updates and revises several sections (i.e., cleaning and disinfection of
environmental surfaces, environmental sampling, laundry and bedding, and regulated medical waste) from the
previous editions of the Centers for Disease Control and Prevention [CDC] document entitled Guideline for
Handwashing and Hospital Environmental Control;*? 2) incorporates discussions of air and water
environmental issues from the Guideline for the Prevention of Nosocomial Pneumonia;® 3) consolidates
relevant environmental infection control measures from several other CDC guidelines;*-° and 4) discusses two
topics not addressed in previous CDC guidelines -- infection control issues related to the presence of animalsin
healthcare facilities, and water quality in hemodialysis settings.

Part I, “Background Information: Environmental Infection Control in Healthcare Facilities,” summarizesthe
major issues related to environmental infection control in healthcare facilities based on a comprehensive review
of the scientific literature. Mgor attention is given to engineering and infection control concerns during
construction, demolition, renovation, and repairs of healthcare facilities. Infection control measures used to
recover from catastrophic events (e.g., flooding, sewage spills, loss of electricity and ventilation, disruption of
the water supply) arereviewed. The limited impact of environmental surfaces, laundry, plants, animals, medical
wastes, cloth furnishings, and carpeting on disease transmission in healthcare facilities is also explored.

Part 11, “Recommendations for Environmental Infection Control in Healthcare Facilities,” presents control
measures for preventing infections associated with air, water, or other environmental concerns within healthcare
facilities as appropriate. These recommendations represent the consensus of the Healthcare I nfection Control
Practices Advisory Committee (HICPAC), a 12-member committee that advises CDC on issues related to the
surveillance, prevention, and control of healthcare-associated infections primarily in United States healthcare
facilities Asof January 1999, HICPAC expanded its infection control focus from acute-care hospitalsto all
venues where healthcare is provided (e.g., outpatient surgical centers, urgent care centers, clinics, outpatient
diaysis centers, physicians' offices, skilled nursing facilities). The topics addressed in this guideline are
generally applicable to avariety of healthcare venues throughout the United States. This document isintended
for use primarily by infection control practitioners, epidemiologists, employee health and safety personnel,
engineers, informational system specialists, administrators, environmental service and housekeeping
professionals, and architects for these facilities.

Whenever possible, the recommendationsin Part |1 are based on data from well-designed scientific studies.
Some studies, however, have been conducted in narrowly-defined patient popul ations or for specific healthcare
settings (e.g., hospitals versus long-term care facilities), making generalization of their findingsto al situations
potentially problematic. Construction standards for hospitals or other healthcare facilities may not apply to
residential home care units. Similarly, attempts to implement infection control measures indicated for
immunosuppressed patient care are generally not necessary in those facilities where such patients are not
present. Many of the recommendations are derived from empiric engineering concepts. Consequently, some
of the recommendations may reflect an industry standard rather than an evidence-based conclusion. A few of
the infection control measures proposed in this document cannot be rigorously evaluated for ethical or logistical
reasons. Thus, some of the recommendationsin Part 1| may be based on a strong theoretical rationale and
suggestive evidence in the absence of confirmatory scientific evidence. Finally, some of the recommendations
are derived from existing federal regulations. The references and the appendices comprise Parts 11l and 1V,
respectively.



Thisguideline also identifies key process measurement elementsto assist facilities in monitoring compliance
with the evidence-based Category |A or 1B recommendations provided in Part I1. Theseinclude: 1) conducting
risk assessment prior to construction, renovation, demolition, or major repair projects; 2) conducting ventilation
assessments related to construction barrier installation; 3) establishing and maintaining appropriate pressure
differentials for special care areas [e.g., operating rooms, airborne infection isolation, protective environments);
4) evaluating non-tuberculous mycobacteria culture results for possible environmental sources; and 5)
implementing infection control procedures to prevent environmental spread of antibiotic-resistant gram-positive
cocci and assuring compliance with these procedures.

This document does not discuss: 1) industrial hygiene concerns of a non-infectious nature [e.g., “sick building
syndrome” from chemicals and fumes, alergies]; 2) environmental issues in the home; 3) home health care; 4)
bioterrorism; and 5) foodborne illness acquired in healthcare facilities. This document includes only limited
discussion of: 1) handwashing/hand hygiene; 2) Standard Precautions; 3) infection control measures used to
prevent instrument or equipment contamination during patient care [e.g., preventing waterborne contamination
of nebulizers or ventilator humidifiers]; and 4) infection control measures used to prevent exposures of patients
and staff to potentially infectious substances. These topics are mentioned only if they are important in
minimizing the transfer of pathogens to and from persons or equipment and the environment. Although the
document discusses principles of cleaning and disinfection as they are applied to maintenance of environmental
surfaces, the full discussion of sterilization and disinfection of medical instruments and direct patient-care
devicesisdeferred to afuture guideline. Similarly, the full discussion of handwashing/hand hygiene, which was
amajor section in the Guideline for Handwashing and Hospital Enviromental Control, is deferred to afuture
guideline devoted to this single topic.

This guideline was prepared by CDC staff members from the National Center for Infectious Diseases (NCID)
and the National Center for Chronic Disease Prevention and Health Promotion (NCCDPHP) and the designated
HICPAC sponsor. Contributors to this document reviewed mostly English-language manuscripts identified
from reference searches using the National Library of Medicine' s MEDLINE, bibliographies of published
articles, and infection control textbooks. Working drafts of the guideline were reviewed by CDC scientists,
HICPAC committee members, and expertsin infection control, engineering, internal medicine, infectious
diseases, epidemiology, and microbiology. All the recommendations may not reflect the opinions of al
reviewers.

|. Background Information: Environmental Infection Control in Healthcar e Facilities

A. Introduction

The healthcare environment contains a diverse population of microorganisms, but only a select few are
significant pathogens for susceptible humans. Microorganisms are present in great numbersin moist, organic
environments, but some can aso persist under dry conditions. Although pathogenic microorganisms can be
detected in air and water and on fomites, it is difficult to assess their rolein causing infection and disease.™*
There are few reports which clearly delineate a*“ cause and effect” with respect to the environment, in particular
for the housekeeping surfaces.

Seven levels of proof are used to evaluate the strength of evidence for an environmental source or means of
transmission of infectious agents.* In the order of their rigor, these are: 1) the organism can survive after
inoculation onto the fomite; 2) the organism can be cultured from in-use fomites; 3) the organism can proliferate
in or on the fomite; 4) some measure of acquisition of infection cannot be explained by other recognized modes
of transmission; 5) retrospective case-control studies show an association between exposure to the fomite and
infection; 6) prospective observationa studies may be possible when more than one similar type of fomiteisin

5



use; and 7) prospective studies allocating exposure to the fomite to a subset of patients show an association
between exposure and infection. An additional level of proof is that decontamination of the fomite resultsin the
elimination of disease transmission.? Applying these proofs to disease investigations allows scientists to assess
the contribution of the environment to disease transmission. The identification of a pathogen (e.g., vancomycin-
resistant enterococci [VRE]) on an environmental surface during an outbreak serves as anillustration of this
point. The presence of the pathogen does not automatically establish its causal role; its transmission from
source to host could be through indirect means, such asviahand transferral.* The surface, therefore, would be
considered one of a number of potential reservoirs for the pathogen, but not the “ de facto” source of exposure.

An understanding of how infection occurs after exposure, based on the principles of the “ Chain of Infection,” is
also important in evaluating the contribution of the environment to healthcare-associated disease.”* All of the
components of the “Chain” must be operational for infection to occur. That is, infection requires: 1) an
adequate number of pathogenic organisms[dosage]; 2) pathogenic organisms of sufficient virulence; 3) a
susceptible host; 4) an appropriate mode of transmission or transferral of the organism in sufficient number
from a source to the host; and 5) the correct portal of entry into the host.

The presence of the susceptible host has focused recent attention on the importance of the healthcare
environment and opportunistic pathogensin air and water and on fomites. Asaresult of advancesin medical
technology and therapies (e.g., intensification of cytotoxic chemotherapy; progress of transplantation medicine),
agreater number of patients are becoming increasingly immunocompromised in the course of treatment and are
therefore at increased risk of acquiring healthcare-associated opportunistic infections. Trendsin healthcare
delivery are also changing the distribution of patient populations and increasing the number of
immunocompromised personsin healthcare settings other than acute-care hospitals, especialy in light of early
discharge of patientsfrom care. According to the American Hospital Association (AHA), the number of
hospitalsin the United Statesin 1998 totaled 6,021, with 1,013,000 beds.* This represents a’5.5% decreasein
the number of acute-care facilities and a 10.2% decrease in the number of beds over the 5-year period 1994-
1998.* Thetota average daily censusin U.S. acute-care hospitalsin 1998 was 662,000 (65.4%) -- 36.5% less
than the average daily census of 1,042,000in 1978.* Asthe number of acute-care hospitals declines, the length
of stay in these facilitiesis concurrently decreasing, primarily for immunocompetent patients. Those patients
remaining in acute-care facilities are likely be those who require extensive medical interventions and are
therefore at high risk for opportunistic infection.

The growing population of severely immunocompromised patientsis at odds with demands on the healthcare
industry to remain viable in the marketplace, to incorporate modern equipment, new diagnostic procedures,
treatments, and to construct new facilities. Increasing numbers of healthcare facilities are likely to be faced with
some construction in the near future as hospitals consolidate to reduce costs, defer care to ambulatory centers
and satellite clinics, and try to create more “home-like” acute-care settings. In 1998, approximately 75% of the
healthcare construction projects were for renovation or building outpatient facilities;™> the number of outpatient
projects rose by 17% between 1998 and 1999.° An aging population is also creating increasing demand for
assisted-living facilities and skilled nursing centers. Construction of assisted-living facilitiesin 1998 rose by
49%, with 138 projects completed at a cost of $703 million.’* Overall, from 1998 to 1999, healthcare
construction costs increased by 28.5%, from $11.56 billion to $14.86 billion.’®

Environmental disturbances associated with heathcare facility construction projects pose airborne and
waterborne risks for the large number of patients who are at risk for healthcare-associated opportunistic
infections. Theincreasing age of hospitals and heathcare facilitiesis aso generating ongoing need for repair and
remediation work (e.g., installing wiring for new information systems, removing old sinks, repairing elevator
shafts) that can introduce or increase contamination of the air and water in patient-care environments. Aging
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egui pment, deferred maintenance, and natural disasters provide additional mechanismsfor the entry of
environmental pathogens into high-risk patient-care areas.

Architects, engineers, construction contractors, environmenta health scientists, and industria hygienists have
historically directed the design and function of hospitals' physical plants. Increasingly, however, the growthin
the number of susceptible patients and the increase in construction projects that can place these patients at risk
for healthcare-associated infections call for the involvement of hospital epidemiologists and infection control
professionasin plansfor building, maintaining, and renovating healthcare facilities to minimize the adverse
impact of the environment on the incidence of healthcare-associated infections. Examples of outbreaks which
could have been prevented had this partnership been in place include: 1) transmission of infections due to
Mycobacterium tuberculosis, varicella-zoster virus [VZV], and measles [rubeola] virus apparently facilitated by
inappropriate air-handling systems in healthcare facilities;® 2) disease outbreaks due to Aspergillus spp.,*"-*°
Mucoraceae,® and Penicilliumspp. associated with the absence of environmental controls during periods of
construction;? 3) infections and/or colonizations of patients and staff with vancomycin-resistant Enter ococcus
faecium[VRE] and Clostridiumdifficile, presumably acquired in an indirect manner from contact with
organisms present on environmental surfaces in healthcare facilities;2-* and 4) outbreaks and pseudoepidemics
of legionellag,®?" Pseudomonas aeruginosa,??-* and the nontuberculous mycobacteria[NTM]: 2 linked to
water and aqueous solutions in healthcare facilities. The purpose of this guideline isto provide useful
information for healthcare professionals and engineers alike in efforts to provide quality healthcare to their
patients. The recommendations herein provide guidance to minimize and/or prevent transmission of pathogens
in the indoor environment.

B. Key TermsUsed in this Guideline

Although Appendix A provides definitions for terms discussed in Part |, several terms which pertain to specific
patient-care areas and patients who are at risk for healthcare-associated opportunistic infection are presented
here. Specific engineering parameters for these care areas are discussed more fully in the text. Airborne

I nfection I solation (All) refersto the isolation of patientsinfected with organismsthat are spread via airborne
droplet nuclei <5 umin diameter. Thisisolation areais under negative pressure (i.e., externally exhausted), such
that the direction of the air flow isfrom inside the room to the outdoors. The use of personal respiratory
protection isalso indicated for persons entering these rooms when occupied by a patient. A Protective
Environment (PE) is a specialized patient-care area, usually in ahospital, with apositive air flow relative to the
corridor (i.e., air flows from the room to the outside adjacent space). The combination of high efficiency
particulate air (HEPA) filtration, high numbers of air changes per hour (ACH), and minimal leakage of air into
the room creates an environment which can safely accomodate patients who have undergone allogeneic
hematopoietic stem cell transplant (HSCT) and other patients with severe and prolonged neutropenia.

I mmunocompromised patients are those patients whose immune mechanisms are deficient because of
immunologic disorders (e.g., human immunodeficiency virus [HIV] infection, congenital immune deficiency
syndrome, chronic diseases [diabetes, cancer, emphysema, cardiac failure]) or immunosuppressive therapy (e.g.,
radiation, cytotoxic chemotherapy, anti-rejection medication, steroids). I|mmunocompromised patients who are
identified as high-risk patients have the greatest risk of infection due to airborne or waterborne
microorganisms. Patientsin this subset include individuals who are severely neutropenic (i.e., <1,000
polymorphonuclear cells/uL for 2 weeks or <100 polymorphonuclear cellYmL for 1 week), allogeneic HSCT
patients, and those who have received the most intensive chemotherapy (e.g., childhood amyeloid leukemia).

C. Air

1. Modesof Transmission of Airborne Diseases

A variety of airborne infections in susceptible hosts can result from exposuresto clinically significant
microorganisms released into the air when environmental reservoirs (i.e., soil, water, dust, and decaying organic
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matter) are disturbed. Once these materials are brought indoorsinto a healthcare facility by any of a number of
vehicles (e.g., people, air currents, water, construction materials, equipment), the attendant microorganisms can
proliferate in avariety of indoor ecological niches and, if subsequently disbursed into the air, serve as a source
for airborne healthcare-associated infections. Aerosolized oral and nasal secretions from patients represent
another important source of pathogens that can be dispersed into the air.®

Respiratory infections can be acquired from exposure to pathogens contained either in droplets or droplet
nuclei. Exposure to microorganismsin droplets constitutes aform of direct contact transmission. When
droplets are produced during a sneeze or cough, a cloud of infectious particles>5 umin sizeis expelled,
resulting in the potential exposure of susceptible persons within 3 feet of the source person.® Examples of
pathogens spread in this manner are influenza virus, rhinoviruses, adenoviruses, and respiratory syncytial virus
(RSV). Since the transmission of these agentsislargely direct and the droplets tend to fall out of the air quickly,
measures to control air flow in a healthcare facility (e.g., use of negative pressure rooms) are not generally
indicated for preventing the spread of diseases due to these agents. Strategiesto control the spread of these
diseases are outlined in another guideline.®

The spread of airborne infectious diseases viadroplet nuclei isaform of indirect transmission.* Droplet nuclei
aretheresiduals of droplets that, when suspended in air, subsequently dry and produce particles ranging in size
from 1 um - 5 um. These particles can: 1) contain potentially viable microorganisms; 2) be protected by a coat
of dry secretions; 3) remain suspended indefinitely in air; and 4) be transported over long distances. The
persistence of microorganismsin droplet nuclei isfavored by dry, cool atmospheric conditions with little or no
direct exposure to sunlight or other sources of radiation. Pathogenic microorganisms that can be spread via
droplet nuclei include M. tuberculosis, VZV, and measles virus (rubeola).® Several airborne pathogens have
life-cycle formsthat are similar in size to droplet nuclei and may exhibit similar behavior in theair. The spores
of Aspergillus fumigatus have a diameter of 2 um - 3.5 um, with a settling velocity estimated at 0.03 cm/sec, or
about 1 meter/hour, in still air. With this enhanced buoyancy, the spores, which resist desiccation, can remain
airborneindefinitely in air currents and travel far from their source.®

2. Airbornelnfectious Diseasesin Healthcar e Facilities

a. Aspergillosis and Other Fungal Diseases

Aspergillosisis caused by molds belonging to the genus Aspergillus. Aspergillus spp. are prototype healthcare-
acquired pathogens associated with dusty or moist environmental conditions. Clinical and epidemiologic
aspects of aspergillosis, summarized in Table 1, are discussed extensively in another guideline.®




Tablel. Clinical and Epidemiologic Characteristics of Aspergillosis

References
Causative Agents Aspergillus fumigatus (90% - 95% of Aspergillusinfections among HSCT 36-43
patients); A. flavus, A. niger, A. terreus, A. nidulans.
M ode of Transmission Airborne transmission of fungal spores; direct inhalation; direct inoculation from | 37
environmental sources (rare)
Infection Associated With: Construction, renovation, remodeling, repairs, building demalition; rare episodes | 44 - 51
associated with fomites
Clinical Syndromesand Invasive disease is the most serious form of aspergillosis. 44, 45,52 - 58
Diseases Acuteinvasive: pneumonia; ulcerative tracheobronchitis; abscesses
(aspergillomas) of the lungs, brain, liver, spleen, kidneys; thrombosis of deep
blood vessels; osteomyelitis; necrotizing skin ulcers; endophthamitis; sinusitis
Chronicinvasive: chronic pneumonitis
Hypersensitivity: allergic bronchopulmonary aspergillosis
Cutaneous: primary skin, burn wound infections
Patient Populations at HSCT patients; immunocompromised patients (i.e., those with underlying 36,59 - 78
Greatest Risk disease), patients undergoing chemotherapy, organ transplant recipients, preterm
neonates, hemodiaysis patients, patients with identifiable immune system
deficiencies who receive care in genera intensive care units, cystic fibrosis
patients (may be colonized, occasionally become infected)
Factors Influencing Severity Immune status of the patient, duration of severe neutropenia 79, 80
and Outcome
Occurrence Rare, sporadic but increasing as proportion of immunocompromised patients 36, 37,81 - 88
increases; 5% of HSCT patients infected, <5% in solid organ transplant
recipients
Mortality Rate <100% if severe neutropenia persists; 13% - 80% in leukemia patients 58, 83, 89, 90
Antifungal Therapy Y es - amphotericin B (AmB, liposoma AmB), itraconazole; mortaity due to 37
invasive aspergillosis remains high among severely neutropenic patients despite
trestment

Aspergillus spp. are ubiquitous aerobic fungi that occur in soil, water, and decaying vegetation; the organism also
surviveswell in air, dust, and moisture present in healthcare facilities.®: - % The presence of aspergilli in the healthcare
facility environment is the most important extrinsic risk factor for opportunistic invasive aspergillosis.®* % Site
renovation and construction can disturb Aspergillus-contaminated dust and produce bursts of airborne fungal spores.
Increased levels of atmospheric dust and fungal spores have been associated with clusters of healthcare-acquired
infections in immunocompromised patients.t”: 20 44 47.49.50.95- 98 A hgorbent building materials (e.g., wallboard) serve as
an ideal substrate for the proliferation of this organism if they become and remain wet, thereby increasing the numbers
of fungal sporesinthe area. Patient-care items, devices, and equipment can become contaminated with Aspergillus spp.
spores and serve as sources of infection if stored in such areas.”

Most cases of aspergillosis are caused by Aspergillus fumigatus, a thermotolerant/thermophilic fungus capable of
growing over atemperature range from 12°C - 53°C (53.6°F - 127.4°F); optimal growth occurs at approximately 40°C
(104°F), atemperature inhibitory to most other saprophytic fungi.® It can use cellulose or sugars as carbon sources;
because its respiratory process requires an ample supply of carbon, decomposing organic matter is an ideal substrate.

Other opportunistic fungi that have been occasionally linked with healthcare-associated infections are members of the
order Mucorales (e.g., Rhizopus spp.) and miscellaneous moniliaceous molds (e.g., Fusarium spp., Penicillium spp.).
Many of these fungi can proliferate in moist environments, such as water-damaged wood and building materials. Some
fungi (e.g., Fusarium spp., Pseudoallescheria spp.) can be airborne pathogens as well.*® Some of these agents and
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their sources in the healthcare environment are listed in Table 2. Aswith aspergillosis, amajor risk factor for disease
caused by any of these pathogens is the host’ s severe immunosuppression from either underlying disease or
immunosuppressive therapy.10% 102

Table2. Environmental Fungal Pathogens and Their Entry into the Healthcar e Facility

Implicated Environmental Vehicle References
Aspergillus spp.

Improperly functioning ventilation systems 20, 46, 47, 97, 98, 103, 104

Air filters*® 17, 18, 105, 106, 107

Frames of air filters 17,18

Window air conditioners 96

Backflow of contaminated air 107

Air exhaust contamination’ 104

False ceilings 48, 57, 97, 108

Fibrous insulation and perforated metal ceiling 66

Acoustic ceiling tiles, plasterboard 18, 109

Fireproofing material 48, 49

Damp wood building materials 49

Opening doorsto construction site 110

Construction 69

Open windows 20, 108, 111

Disposal conduit door 68

Hospital vacuum cleaner 68

Elevator 112

Arm boards 57

Walls 113

Unit Kitchen 114

Food 21

Ornamental plants 21
Mucorales/ Rhizopus spp.

Air filter 20, 115

False ceilings 97

Heliport 115
Scedosporium spp.

Construction 116
Penicillium spp.

Rotting cabinet wood, pipe leak 21

Ventilation duct fiberglass insulation 112

Air filters 105

Topical anesthetic 117
Acremonium spp.

Air filters 105
Cladosporium spp.

Air filters 105
Sporothrix

Construction (pseudoepidemic) 118

a. Pigeons, their droppings and roosts are associated with spread of Aspergillus, Cryptococcus, and Histoplasma spp. There have been at least three outbreaks
linked to contamination of the filtering systems from bird droppings.®” ' Pigeon mites may gain accessinto a health care facility through the ventilation
wstem.“g

b. American Institute of Architects [AlA] standards stipulate that: 1) exhaust outlets are to be placed >25 feet from air intake systems; 2) the bottom of outdoor air
intakes for HVAC systems be 6 feet above ground or 3 feet above roof level; and 3) exhaust outlets from contaminated areas are situated above the roof level and
arranged to minimize the recirculation of exhausted air back into the building.’®
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Infections due to Cryptococcus neoformans, Histoplasma capsulatum, or Coccidioides immitis can potentially occur in
healthcare settings if nearby ground is disturbed and a malfunction of the facility’ s air-intake components allows these
pathogens to enter the ventilation system. C. neoformansis ayeast <2um in diameter found in soil contaminated with
bird droppings, particularly from pigeons.%- 103104121 H capsulatum, with particle diameters ranging from 2um - 5 pum,
is endemic in the soil of the central river valleys of the United States. Large numbers of these infectious particles are
found associated with chicken coops and the roosts of blackbirds.%: 103104122 Several outbreaks of histoplasmosis
have been associated with disruption of the environment; construction activitiesin an endemic area may be a potential
risk factor for healthcare-acquired airborne infection.?® 124 C. immitis, with an infectious particle of 3um -5 pum
diameter, has similar potential, especially in the endemic southwestern United States and during seasons of drought
followed by heavy rainfall. After the 1994 earthquake centered near Northridge, California, the incidence of
coccidioidomycosis in the surrounding area exceeded the historical norm.'?

Emerging evidence suggests that Pneumocystis carinii, now classified as a fungus, may be spread via airborne person-to-
person transmission.’®  Controlled studies in animals first demonstrated that P. carinii could be spread through the
air.2” More recent studies in healthcare settings have detected nucleic acids of P. carinii in air samples from areas
frequented or occupied by P. carinii-infected patients but not in control areas with no infected patients.!? 12 Despite
the earlier assumption that P. carinii pneumonia (PCP) was not spread from person-to-person, clusters of cases have
been identified among immunocompromised patients who had contact with a source patient and with each other. Recent
studies have examined the presence of P. carinii DNA in oropharyngea washings and the nares of infected patients, their
direct contacts, and persons with no direct contact.’® 3! Molecular analysis of the DNA by polymerase chain reaction
(PCR) supports air spread of P. carinii from infected patients to direct contacts, but immunocompetent contacts tend to
become transiently colonized rather than infected.’®* The role of colonized personsin the spread of PCP remains to be
determined. At present, specific modifications to ventilation systems to control spread of PCP in a healthcare facility are
not indicated. Current recommendations outline isolation procedures to minimize or eliminate contact of
immunocompromised patients not on PCP prophylaxis with PCP-infected patients.5 152

b. Tuberculosis and Other Bacterial Diseases

The prototype bacterium associated with airborne transmission is Mycobacterium tuberculosis. A comprehensive
review of the microbiology and epidemiology of M. tuberculosis and guidelines for tuberculosis (TB) infection control
have been published.* 1313 Table 3 summarizes clinical and epidemiologic information from these materials. M.
tuberculosisis carried by droplet nuclei generated when persons, primarily adults and adolescents, who have pulmonary
or laryngeal TB sneeze, cough, speak, or sing;**® normal air currents can keep these particles airborne for prolonged
periods and spread them throughout a room or building.**
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Table 3. Clinical and Epidemiologic Characteristics of Tuber culosis* 133- 13,137 - 140

Causative Agents

Mycabacterium tuberculosis, M. bovis, M. africanum

Mode of Transmission

Airborne transmission viadroplet nuclei 1 um - 5 pumin diameter

Patient Factor s Associated with
I nfectivity and Transmission

Disease of the lungs, airways, or larynx; presence of cough or other forceful expiratory
measures; presence of acid-fast bacilli (AFB) in the sputum; failure of the patient to
cover the mouth and nose when coughing or sneezing; presence of cavitation on chest
radiograph; inappropriate or shortened duration of chemotherapy

Infections Associated With:

Exposuresin relatively small, enclosed spaces; inadequate ventilation resulting in
insufficient removal of droplet nuclei; cough-producing procedures performed in areas
without proper environmental controls; recirculation of air containing infectious droplet
nuclei

Clinical Syndromes & Diseases

Pulmonary TB; extrapulmonary TB can affect any organ system or tissue; laryngeal TB
ishighly contagious

Populations at Greatest Risk

Immunocompromised persons (e.g., HIV-infected persons), medically-underserved
persons, urban poor, substance abusers, homeless persons, elderly persons, migrant farm
workers, present and former prison inmates, close contacts of known cases, foreign-born
persons from areas with high prevalence of TB, healthcare workers

FactorsInfluencing Severity and
Outcome

Concentration of droplet nuclei in air, duration of exposure; age at infection;
immunosuppression due to therapy or disease; underlying chronic medical conditions,
history of malignancies or lesions of the lungs

Occurrence Worldwide; incidence in the U.S. is approximately 8 cases /100,000 population
(1997).140
Mortality 1,202 deathsin the U.S. (1996).*%°

Chemoprophylaxis/ Treatment

Preventive therapy post infection: isoniazid (INH) or rifampin (RIF) and pyrazinamide
(PZA) asindicated* 3431  Directly observed therapy [DOT] for active cases: INH,
RIF, PZA, ethambutol (EMB), streptomycin (SM) in combinations determined by
prevalent levels of specific resistance. 3+ 13 1%  Consult therapy guidelines for specific
treatment indications.

Gram-positive cocci (i.e., Staphylococcus aureus, group A beta-hemolytic streptococci), also important healthcare-
associated pathogens, are resistant to inactivation by drying and can persist in the environment and on environmental
surfaces for extended periods. These organisms can be shed from heavily colonized persons and discharged into the air.
Airborne dispersal of S. aureusis directly related to the concentration of the bacterium in the anterior nares.**
Approximately 10% of healthy carriers will disseminate S. aureus into the air, and some persons become more effective
disseminators of S. aureus than others.¥#2-14¢  The dispersal of S. aureusinto air can be exacerbated by concurrent viral
upper respiratory infection, thereby turning a carrier into a“cloud shedder.”**” Outbreaks of surgical site infections
(SSIs) caused by group A beta-hemolytic streptococci have been traced to airborne transmission from colonized
operating room personnel to patients.’*- 151 |n these situations, the strain causing the outbreak was recovered from the
air in the operating room*# 149152 or on settle plates in aroom in which the carrier exercised.'®- ! S aureus and group
A streptococci have not been linked to airborne transmission outside of operating rooms, burn units, and neonatal
nurseries.’® 1% Transmission of these agents also occurs via contact (S. aureus) and droplets (group A beta-hemolytic

streptococci).

Other gram-positive bacteria linked to airborne transmission include Bacillus spp. which are capable of sporulation as
environmental conditions become less favorable to support their growth. Outbreaks and pseudo-outbreaks have been
attributed to B. cereusin maternity, pediatric, intensive care, and bronchoscopy units; many of these episodes were
secondary to environmental contamination. - 158
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Gram-negative bacteria are rarely associated with episodes of airborne transmission because they generally require moist
environments for persistence and growth. The main exception is Acinetobacter spp. which can withstand the
inactivating effects of drying. 1n one epidemiologic investigation of bloodstream infections among pediatric patients,
identical Acinetobacter spp. were cultured from the patients, air, and room air conditionersin anursery.’™® Aerosols
generated from showers and faucets may potentially contain legionellae and other gram-negative waterborne bacteria
(e.g., Pseudomonas aeruginosa). Exposure to these organisms is through direct inhalation. However, since water is the
source of the organisms and exposure occurs in the vicinity of the aerosol, the discussion of the diseases associated with
such aerosols and the prevention measures used to curtail their spread is deferred to the Water portion of Part I.

c. Airborne Viral Diseases

Some human viruses are transmitted from person to person via droplet aerosols, but very few viruses are consistently
airborne in transmission (i.e., routinely suspended in an infective state in air and capable of spreading great distances),
and healthcare-associated outbreaks of airborne viral disease are limited to afew agents. Consequently, infection control
measures used to prevent spread of these viral diseases in healthcare facilities primarily involve patient isolation,
vaccination of susceptible persons, and antiviral therapy as appropriate rather than measures to control air flow or
quality.® Infections dueto VZV are frequently described in healthcare facilities. Healthcare-associated airborne
outbreaks of VZV infections from patients with primary infection and disseminated zoster have been documented;
patients with localized zoster have, on rare occasions, also served as source patients for outbreaks in healthcare
facilities.’0-164 \/ZV infection can be prevented by vaccination, although patients who develop arash within 6 weeks of
receiving varicella vaccine or who develop breakthrough varicella following exposure should be considered
contagious.'®

In alimited number of instances, viruses whose major mode of transmission is via droplet contact have been shown to
cause clusters of infections in group settings through airborne routes. The factors facilitating airborne distribution of
these viruses in an infective state are unknown, but a presumed requirement is a source patient in the early stage of
infection who is shedding large numbers of viral particlesinto the air. Airborne transmission of measles has been
documented in healthcare facilities.*®- 1% |ngtitutional outbreaks of influenza virus infections have occurred
predominantly in nursing homes,*°- 1% and less frequently in medical and neonatal intensive care units, chronic care
areas, HSCT units, and pediatric wards.}”-1® There is some evidence supporting airborne transmission of influenza
viruses by droplet nuclei, -1 and case clusters in pediatric wards suggest that droplet nuclei may play arolein
transmitting respiratory pathogens such as adenoviruses and RSV.17> 181182 Some suggestive evidence also supports
airborne transmission of enteric viruses. A large outbreak of a Norwalk-like virus infection involving more than 600
staff personnel over a 3 week period was investigated in a Toronto, Ontario hospital in 1985. Common sources such as
food or water were ruled out during the investigation, leaving airborne spread as the most likely candidate for
transmission. &

Smallpox virus, apotential agent of bioterrorism, is spread predominantly via direct contact with infectious droplets, but
can be associated with airborne transmission.’® 18 A German hospita study from 1970 documented the ability of this
virus to spread over considerable distances and cause infection at low doses in a well-vaccinated population; factors
potentially facilitating transmission in this situation included a patient with cough and an extensive rash, indoor air with
low relative humidity, and faulty ventilation patterns due to hospital design.®® Smallpox patients with extensive rash are
more likely to have lesions present on mucous membranes and therefore have greater potential to disseminate virus into
the air.®® Two cases of laboratory-acquired smallpox virus infection in the United Kingdom in 1978 were also thought
to be due to airborne transmission. ¥

Airborne transmission may play arole in the natural spread of hantaviruses and certain hemorrhagic fever viruses (e.g.,
Ebola, Marburg, Lassa), but evidence for airborne spread of these agents in healthcare facilities is inconclusive. 1
Although hantaviruses can be transmitted when aerosolized from rodent excreta,®> 1* person-to-person spread of
hantavirus infection from source patients has not occurred in healthcare facilities.’® - 1%  Nevertheless, healthcare
workers are advised to contain potentially infectious aerosols and wear NIOSH-approved respiratory protection when
working with this agent in laboratories or autopsy suites.’® Lassa virus transmission via agrosols has been
demonstrated in the laboratory and incriminated in healthcare-associated infections in Africa,'%-1%" but airborne spread
of this agent in hospitals of developed nations appears to be inefficient.2% % Viral hemorrhagic diseases primarily
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occur after direct exposure to infected blood and body fluids, and the use of standard and droplet precautions is
sufficient to prevent transmission early in the course of theseillnesses?® However, it is unclear whether these viruses
can persist in droplet nuclei that might remain after droplet production from coughs or vomiting in the latter stages of
illness. ™! Although the use of a negative-pressure room is not required during the early stages of illness, its use might
be prudent at the time of hospitalization to avoid the need for subsequent patient transfer. CDC guidelines recommend
negative-pressure rooms with anterooms for patients with hemorrhagic fever and use of HEPA respirators by persons
entering these rooms when the patient has prominent cough, vomiting, diarrhea, or hemorrhage.5 2

Table4. Microorganisms Associated with Airborne Transmission?

Fungi Bacteria Viruses
Numer ous Reports Aspergillus spp.” Mycobacterium tuberculosis’ Meades (rubeola) virus'e® - 168
in Health Care Mucorales (Rhizopus spp.)*” ' Varicdlazoster virus'®®- 1%

Atypical, Occasional
Reports

Acremonium spp. 105 202
Fusarium spp.’®
Pseudoallescheria boydii*®
Scedosporium spp.**®
Sporothrix cyanescens? 118

Acinetobacter spp.°
Bacillus spp.d %8 208
Brucella spp.® 24- 27
Saphylococcus aureus'*®: 154
Group A Srreptococcus*®

Smallpox virus (variola)© 88187
Influenza virusest’®: 18
Respiratory syncytial virus'®!
Adenoviruses'®

Norwalk-like virus'®?

Airbornein Nature;
No Airborne Cases
in Health Care

Coccidioides immitis'?®
Cryptococcus spp.***
Histoplasma capsul atum®?*

Coxiella burnetii (Q fever)*®

Hantaviruses™ 1%
Lassa virus®

Marburg virus®*

Ebola virus®®*
Crimean-Congo virus®*

Under Investigation

Pneumocystis carinii*3*

a. Thislist excludes microorganisms transmitted from aerosols derived from water.
b. Refer to the text for references for these diseases.

c. Airborne transmission of smallpox is controversia. Potentia for airborne transmission increases with patients who are

disseminators present in facilities with low relative humidity in the air and faulty ventilation.
d. Documentation of pseudoepidemic during construction.
e. Airborne transmission in the laboratory only.

3. Heating, Ventilation, and Air Conditioning Systemsin Healthcar e Facilities

a. Basic Components and Operations

effective

Heating, ventilation, and air conditioning (HVAC) systemsin healthcare facilities are designed to: 1) maintain the indoor
air temperature and humidity at comfortable levels for staff, patients, and visitors; 2) control odors; 3) remove
contaminated air; 4) facilitate air-handling requirements to protect susceptible staff and patients from airborne healthcare-
associated pathogens; and 5) minimize the risk of transmission of airborne pathogens from infected patients.® 2 An
HVAC system includes an air inlet or intake; filters; humidity modification mechanisms (i.e., humidity control in
summer, humidification in winter); heating and cooling equipment; fans; ducts; air exhaust or outtakes; and registers,
diffusers, or grilles for proper distribution of the air (Figure 1).2°%21° Decreased performance of healthcare facility
HVAC systems, filter inefficiences, improper installation, and poor maintenance can contribute to the spread of
healthcare-associated airborne infections.
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Figure 1. Diagram of a Ventilation System?
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Outdoor air and recirculated air pass through air cleaners (e.g., filter banks) designed to reduce the concentration of airborne contaminants. Air is
conditioned for temperature and humidity before it enters the occupied space as supply air. Infiltration is air leakage inward through cracks and
interstitial spaces of walls, floors, and ceilings. Exfiltration is air leakage outward through these same cracks and spaces. Return air is largely
exhausted from the system, but a portion is recirculated with fresh, incoming air.
[Used with permission of the publisher (ASHRAE; reference 210)]

The American Institute of Architects (AlA) has published guidelines for the design, construction, and renovation of
healthcare facilities that include indoor air-quality standards (e.g., ventilation rates, temperature levels, humidity levels,
pressure relationships, minimum air changes per hour [ACH]) specific to each zone or area in healthcare facilities (e.g.,
operating rooms, laboratories, diagnostic areas, patient-care areas, support departments).’® These guidelines represent a
consensus document among authorities having jurisdiction (AHJ), governmental regulatory agencies (i.e., Department of
Health and Human Services [DHHS]; Department of Labor, Occupational Safety and Health Administration [OSHA]),
healthcare professional s, professional organizations (e.g., American Society of Heating, Refrigeration, and Air-
conditioning Engineers [ASHRAE], American Society of Healthcare Engineers [ASHE]), and accrediting organizations
(i.e., Joint Commission on Accreditation of Healthcare Organizations [JCAHO]). Many state or local agencies that
license healthcare facilities have either incorporated or adopted by reference these guidelinesinto their state standards.
The JCAHO, through its surveys, assures that facilities are in compliance with the space and square footage requirements
of this standard for new construction.

Recommendations for engineering controls to contain or prevent the spread of airborne contaminants center on: 1) local
exhaust ventilation [i.e., source control]; 2) general ventilation; and 3) air cleaning. General ventilation encompasses: 1)
dilution and removal of contaminants viafiltration and air changes per hour [ACH]; 2) airflow patterns in rooms or
areas; 3) airflow direction in facilities; and 4) pressure differentials for special-care areas.

A centralized HVAC system operates as follows. Outdoor air enters the system, where low- efficiency or “roughing”
filters remove large particul ate matter and many microorganisms. The air enters the distribution system for conditioning
to appropriate temperature and humidity levels, passes through an additional bank of filters for further cleaning, and is
delivered to each zone of the building. After the conditioned air is distributed to the designated space, it is withdrawn
through areturn duct system and delivered back to the HVAC unit. A portion of this“return air” is exhausted to the
outside while the remainder is mixed with outdoor air and filtered for dilution and removal of contaminants.?** Air
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from toilet rooms or other soiled areas is usually exhausted directly to the atmosphere through a separate duct exhaust
system. Air from rooms housing tuberculosis patients is exhausted to the outside if possible, or passed through a HEPA
filter before recirculation. UV GI can be used as an adjunct air-cleaning measure but cannot replace HEPA filtration.

b. Filtration

i. Filter Types and Methods of Filtration

Filtration, the physical removal of particulates from air, is the first step in achieving acceptable indoor air quality.
Filtration is the primary means of cleaning the air. There are five methods of filtration (Table 5). During filtration,
outdoor air passes through two filter beds or banks, with efficiencies of 20% - 40% and the second >90%, respectively,
for acombined efficiency of nearly 100% in removing particles 1um - 5 um in diameter.* The low-to-medium
efficiency filtersin the first bank have low resistance to airflow, but this feature tends to allow some small particul ates to
pass onto heating and air conditioning coils and into the indoor environment.®  Incoming air is mixed with recircul ated
air and reconditioned for temperature and humidity before being filtered by the second bank of filters. The performance
of filters with <90% efficiency is measured using either the dust spot test or the weight-arrestance test.*

Table5. Filtration Methods?*?

Basic Method Principle of Performance Filtering Efficiency
Straining Particlesin the air are larger than the openings between the filter fibers. Low
Grossremoval of large particles.
Impingement Particles collide with filter fibers and remain attached to the filter. Low
Fibers may be coated with adhesive.
Interception Particles enter into the filter and become entrapped and attached to the Medium
filter fibers.
Diffusion Small particles, moving in erratic motion, collide with filter fibers and High

remain attached.

Electrostatic Particles bearing negative electrostatic charge are attracted to filter with High
positively-charged fibers.

The second filter bank usually consists of high-efficiency filters. High-efficiency air filtration systems can provide air
that isalmost particle free. Thisfiltration system is adequate for most patient-care areas in ambulatory care facilities and
hospitals, including the operating room environment and areas providing central services.®® Nursing facilities may use
90% dust-spot efficient filters as the second bank of filters,'® while a HEPA filter bank may be indicated for special-care
areas of hospitals. HEPA filters are at least 99.97% efficient for removing particles >0.3 um in diameter. (Asa
reference, Aspergillus sporesare 2.5 - 3 um in diameter.) Examples of care areas where HEPA filters are used include
rooms housing severely neutropenic patients and those operating rooms designated for orthopedic implant procedures.®

Maintenance costs associated with HEPA filters are high when compared to other types of filters, but use of in-line
disposable prefilters can increase the life of a HEPA filter by approximately 25%. Alternatively, if adisposable prefilter
isfollowed by a 90%-efficient filter, the life of the HEPA filter can be extended up to 900%. This concept, called
“progressive filtration,” allows HEPA filtersin special care areasto be used for 10 years or more.® HEPA filter
efficiency is monitored with the dioctylphthalate (DOP) particle test using particles that are 0.3 pm in diameter.

HEPA filters are usually framed with metal, although some older versions have wood frames. A metal frame has no
advantage over a properly fitted wood frame with respect to performance, but wood can compromise the air quality if it
becomes and remains wet, allowing the growth of fungi and bacteria. Hospitals are therefore advised to phase out water-
damaged or spent wood-framed filter units and replace these with metal -framed HEPA filters.
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HEPA filters are usually fixed into the HVAC system, but portable, industrial grade HEPA units are available which filter
air at the rate of 300-800 ft3/min are also available. Portable HEPA filter are used to: 1) temporarily recirculate air in
rooms with no general ventilation; 2) augment systems that cannot provide adequate airflow; or 3) provide increased
effectivenessin airflow.* Portable HEPA units are useful engineering controls when the central HVAC systemis
undergoing repairs,?® but these units do not satisfy fresh air requirements.?® The effectiveness of the portable unit for
particle removal is dependent on: 1) the configuration of the room; 2) the furniture and persons in the room; 3) the
placement of the units relative to the contents and layout of the room; and 4) the location of the supply and exhaust
registers or grilles. If portable, industrial-grade units are used, they should be capable of recirculating all or nearly al of
the room air through the HEPA filter, and the unit should be designed to achieve the equivalent of >12 air changes per
hour (ACH).* (An average room has approximately 1600 ft2 of airspace).

ii. Filter Maintenance

Efficiency of the filtration system is dependent on the density of the filters that may create a pressure drop unless
compensated by stronger and more efficient fans so that flow of air ismaintained. For optimal performance, filters
require monitoring and replacement in accordance with the manufacturer’ s recommendations and standard preventive
maintenance practices.?* Excess accumulation of dust and particulates increases filter efficiency, requiring more
pressure to push the air through. The pressure differential across filtersis measured by use of manometers or other
gauges. A pressure reading that exceeds specifications indicates the need to change the filter. Filters also require regular
inspection for other potential causes of decreased performance. Gapsin and around filter banks and heavy soil and
debris upstream of poorly-maintained filters have been implicated in healthcare-associated outbreaks of aspergillosis,
especialy during times of nearby construction.”: 18- 106, 215

c. Ultraviolet Germicidal Irradiation (UVGI)

As a supplemental air-cleaning measure, UV GI is effective in reducing the transmission of airborne bacterial and vira
infections in hospitals, military housing, and classrooms, but it has only a minimal inactivating effect on fungal spores.?%6
221 UVGI isalso used in air handling units to prevent or limit the growth of vegetative bacteria and fungi. Most
commercially available UV lamps used for germicidal purposes are low-pressure mercury vapor lamps that emit radiant
energy predominantly at awave-length of 253.7 nm.?2222 Two systems of UV GI have been used in healthcare settings -
- duct irradiation and upper-room air irradiation. In duct irradiation systems, UV lamps are placed inside ducts that
remove air from rooms to disinfect the air before it is recirculated. When properly designed, installed, and maintained,
high levels of UVGI can be attained in the ducts with little or no exposure of personsin the rooms.??* 22 |n upper-room
air irradiation, UV lamps are either suspended from the ceiling or mounted on the wall.* Upper air UVGI units have two
basic designs: 1) a“pan” fixture with UV GI unshielded above the unit so to direct the irradiation upward; or 2) afixture
with a series of parallel plates to columize the irradiation outward while preventing the light from getting to the eyes of
the room’ s occupants. The germicidal effect is dependent on air mixing via convection between the room’ s irradiated
upper zone and the lower patient-care zones.??% 227

Bacterial inactivation studies using BCG mycobacteria and Serratia marcescens have estimated the effect of UVGI as
equivalent to 10 ACH - 39 ACH.?2.22  Angother study, however, suggests that UV GI may result in fewer equivalent ACH
in the patient-care zone, especialy if the mixing of air between zones isinsufficient.?” The use of fansor HVAC
systems to generate air movement may increase the effectiveness of UV GI if airborne microorganisms are exposed to the
light energy for a sufficient length of time.?26:228.230-232 The optimal relationship between ventilation and UV GI is not
known.

Because the clinical effectiveness of UV systems may vary, UV GI is not recommended for air managment prior to air
recirculation from airborne isolation rooms. It is also not recommended as a substitute for HEPA filtration, local exhaust
of air to the outside, or negative pressure.* The use of UV lamps and HEPA filtration in asingle unit offers little or no
infection control benefits over those provided by the use of a HEPA filter alone?®*® Duct systems with UVGI are not
recommended as a substitute for HEPA filtersif the air from isolation rooms must be recircul ated to other areas of the
facility.* Regular maintenance of UVGI systemsis crucial and usually consists of keeping the bulbs free of dust and
replacing old bulbs as necessary. Safety issues associated with the use of UV GI systems are described in other
guidelines.*
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d. Conditioned Air in Occupied Spaces

Two essential components of conditioned air are temperature and humidity. After outside air passes through alow- or
medium-efficiency filter, the air undergoes conditioning for temperature and humidity control before it passes through
high-efficiency or HEPA filtration.

i. Temperature

HVAC systems in healthcare facilities have either single-duct or dual-duct systems.®23* A single-duct system
distributes cooled air (12.8°C [55°F]) throughout the building, and uses thermostatically controlled reheat boxes located
in the terminal ductwork to warm the air for individual or multiple rooms. The more common dual-duct system
consists of parallel ducts, one with acold air stream and the other providing a hot air stream. A mixing box in each
room or group of rooms mixes the two air streams to achieve the desired temperature. Temperature standards are given
as either a single temperature or a range, depending on the specific healthcare zone. Cool temperature standards (20°C -
23°C [68°F - 73°F]) are usually associated with operating rooms, clean workrooms, and endoscopy suites.**® A warmer
temperature (24°C [75°F]) is needed in areas requiring greater degrees of patient comfort. Most other zones use a
temperature range of 21°C - 24°C (70°F - 75°F).12° Temperatures outside of these ranges may be needed on limited
occasionsin limited areas depending on individual circumstances during patient care (e.g., cooler temperaturesin
operating rooms during specialized operations).

ii. Humidity

Four measures of humidity are used to quantify different physical properties of the mixture of water vapor and air. The
most common of these is “relative humidity,” which is the ratio of the amount of water vapor in the air to the amount of
water vapor air can hold at that temperature.®*® The other measures of humidity are specific humidity, dew point, and
vapor pressure.?*

Relative humidity measures the percentage of saturation. At 100% relative humidity, the air is saturated. For most areas
within healthcare facilities, the designated comfort range is 30% - 60% relative humidity.'2 2%  Relative humidity levels
>60%, in addition to being perceived as uncomfortable, promote fungal growth.¢  Humidity levels can be manipulated
by either of two mechanisms.Z” In awater-wash unit, water is sprayed and drops are taken up by the filtered air;
additional heating or cooling of this air sets the humidity levels. The second mechanism is by means of water vapor
created from steam and added to filtered air in humidifying boxes.

iii. Ventilation

The control of air pollutants (e.g., microorganisms, dust, chemicals, smoke) at the source is the most effective way to
maintain clean air. The second most effective means of controlling indoor air pollution is through ventilation.
Ventilation supply rates are historically based on the need to control odors and carbon dioxide levels.?® Ventilation
rates are voluntary unless a state or local government specifies a standard in healthcare licensing or health department
requirements. These standards typically apply to only the design of afacility, rather than its operation.?*42* Based on
the scientific knowledge and professional judgment reflected in the AIA guidelines, ASHRAE has developed ventilation
standards designed primarily to satisfy the odor criterion.?2®  ASHRAE and the American National Standards Institute
(ANSI) have produced design recommendations for ventilation and pressure relationships for various patient-care
areas.?l Healthcare facilities without specific ventilation standards should follow ANSI/ASHRAE Standard 62,
Ventilation for Acceptable Indoor Air Quality.?1% 24

Ventilation guidelines are defined in terms of air volume per minute per occupant, and are based on the assumption that
occupants and their activities are responsible for most of the contaminants in the conditioned space.?** Most ventilation
rates for healthcare facilities are expressed as room air changes of filtered air per hour (ACH). Peak efficiency for
particle removal in the air space occurs between 12 - 15 ACH. % 2% Ventilation rates vary among the different patient-
care areas of a healthcare facility (Appendix B).1%

Healthcare facilities generally use recirculated air.®: 120234 241. 242 Eans create sufficient positive pressure to force air

through the building duct work and adequate negative pressure to evacuate air from the conditioned space into the return
duct work and/or exhaust, thereby completing the circuit in a sealed system (Figure 1). However, because gaseous
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contaminants tend to accumulate as the air recirculates, a percentage of the recirculated air is exhausted to the outside and
replaced by fresh outdoor air (usually a 60/40 mix of outdoor air/recirculated air).

In hospitals, filtered air is typically distributed from the ceiling, with return air collected from the ceiling on the other
side of theroom. In special situations in which the direction of air movement needs to be controlled (e.g., operating
rooms, delivery rooms, catheterization laboratories, angiography rooms, HEPA-filtered rooms for immunosuppressed
patients), the air isintroduced from ceiling registers or diffusers near the center of the room, flows down to the patient-
care zone, and is returned or exhausted through registers located at least 6 inches above the floor. Filtered air is
introduced into negative-pressure, airborne infection isolation rooms (All) above and near the doorway so that it passes
through the breathing zone of workers and visitors before passing over the patient and being exhausted near the head of
the bed, preferably from the side wall.* %

Older hospitals with areas not served by central HVAC systems often use induction units (e.g., fan-coil units, heat-pump
units) as the sole source of room ventilation. AlA guidelines for newly-installed systems stipulate that induction units
shall be equipped with permanent (cleanable) or replaceable filters with a minimum efficiency of 68% weight
arrestance.’® These units may be used only as recirculating units; all outdoor air requirements must be met by a separate
central air handling system with proper filtration, with a minimum of two outside air changes in general patient rooms.%:
23 |f apatient room is equipped with an individua “through the wall” induction unit, the room should not be used as
either All or as PE.'*° These requirements, although directed to new installations, are also appropriate for existing
settings. Induction units are prone to problems associated with excess condensation accumulating in drip pans and
improper filter maintenance; healthcare facilities should clean or replace the filters in these units on a regular basis while
the patient is out of the room.

Laminar airflow ventilation systems are designed to move air in a single pass, usually through a bank of HEPA filters
either along awall or in the ceiling, in a one-way direction through a clean zone with parallel streamlines. Laminar
airflow can directed vertically or horizontally; the unidirectiona system optimizes airflow and minimizes air turbulence.®®
Z4 Délivery of air at arate of 0.5 meters per second (90 + 20 ft/min) helps to minimize opportunities for microorganism
proliferation.®® 24245 | aminar airflow systems have been used in PE to help reduce the risk for healthcare-associated
airborne infections such as aspergillosisin high-risk patients.5® 9 246247 However, data that demonstrate a bona fide
survival benefit for patients in PE with laminar airflow are lacking. Given the high cost of installation and apparent lack
of benefit, the value of laminar airflow in this setting is questionable.® ¥  Few data support the use of laminar airflow
systems elsewhere in a hospital .2

Positive and negative pressures refer to a pressure differential between two adjacent air spaces (e.g., rooms and
hallways). Air flows away from areas or rooms with positive pressure, while air flows into areas with negative pressure.
All rooms are set at negative pressure to prevent airborne microorganisms in the room from entering hallways and
corridors. PE rooms housing severely neutropenic patients are set at positive pressure to keep airborne pathogensin
adjacent spaces or corridors from coming into and contaminating the airspace occupied by such high-risk patients. Self-
closing doors are mandatory for both of these areas to help maintain the correct pressure differential.* %120 Older
healthcare facilities may have variable pressure rooms (i.e., rooms in which the ventilation can be manually switched
between positive- and negative pressure). These rooms are no longer permitted in the construction of new facilities,'?
and their use in existing facilitiesis discouraged because of difficulties in assuring the proper pressure differential,
especially for the negative pressure setting, and the potential for error associated with switching the pressure differentials
for the room. Engineering specifications for positive- or negative pressure rooms are given in Table 6.

Healthcare facilities must perform a risk assessment to determine the appropriate number of All rooms (negative

pressure) and/or PE rooms (positive pressure) to serve its patient population. The AlA guidelines require a certain
number of All rooms as a minimum.'?
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Table 6. Engineered Specifications for Positive- and Negative Pressure Rooms*® 120

Positive Pressure Areas (e.g., PE) Negative Pressure Areas (e.g., All)

Pressure differentids >2.5 P& (0.01" water gauge) >2.5 Pa (0.01" water gauge)
Air changes per hour (ACH) >12 >12 (for renovation or new construction)
Filtration efficiency Supply: 99.97% @ 0.3 um DOP° Supply: 90% (dust spot test)

Exhaust: None required Exhaust: 99.97% @ 0.3 um DOP
Room airflow direction Out to the adjacent area In to the room
Clean-to-dirty airflow in room Away from the patient (high-risk patient, Towards the patient (airborne disease patient)

immunosuppressed patient)
Idedl pressure differentia >8 Pa >2.5Pa

a. Pa= Pascal, ametric unit of measurement for pressure based on air velocity; 250 Pa equals 1.0 inch water gauge.
b. DOP = Dioctylphthalate particles of 0.3 um diameter.
¢. Used with permission of the publisher (reference 35).

In large healthcare facilities with central HVAC systems, sealed windows help to ensure the efficient operation of the
system, especially with respect to creating and maintaining pressure differentials. Sealing the windows in PE areas will
help to minimize the risk of airborne contamination from the outside. One outbreak of aspergillosis among
immunosuppressed patients in a hospital was attributed in part to an open window in the unit during a time when both
construction and afire happened nearby; sealing the window prevented further entry of fungal spores into the unit from
the outside air.*'* Additionally, all emergency exits (e.g., fire escapes, emergency doors) in PE wards should be kept
closed (except during emergencies) and equipped with alarms.

e. Infection Control Impact of HVAC System Maintenance and Repair

A failure or malfunction of any component of the HVAC system may subject patients and staff to discomfort and
exposure to airborne contaminants. Little information is available from formal studies on the infection control
implications of a complete air-handling system failure or shutdown for maintenance. Most experience has been derived
from infectious disease outbreaks and adverse outcomes among high-risk patients when HVAC systems are poorly
maintained. Table 7 summarizes potential ventilation hazards, consequences, and correction measures.

AlA guidelines prohibit United States hospitals and surgical centers from shutting down their HVAC systems for
purposes other than required maintenance, filter changes, and construction.’® Airflow can be reduced, but sufficient
supply, return, and exhaust must be provided to maintain required pressure relationships when the space is not occupied.
This can be accomplished with specia drives on the air-handling units (i.e., a Variable Air Ventilation [VAV] system).

Microorganisms proliferate in environments wherever air, dust, and water are present, and air-handling systems can be
ideal environments for microbial growth.®* Properly engineered HVAC systems require routine maintenance and
monitoring in order to provide acceptable indoor air quality efficiently and to minimize conditions that favor the
proliferation of healthcare-associated pathogens.® 24 Performance monitoring of the system includes determining
pressure differentials across filters, regular inspection of system filters, DOP testing of HEPA filters, testing of low- or
medium efficiency filters, and manometer tests for positive- and negative-pressure areas in accordance with nationally
recognized standards, guidelines, and manufacturers recommendations. The use of hand-held calibrated equipment that
can provide a numerical reading on adaily basisis preferred for engineering purposes.?*® 2  Several methods that
provide avisual, qualitative measure of pressure differentials include smoke-tube tests, or placing flutter strips, ping-
pong balls, or tissue in the air stream.

Preventive filter and duct maintenance (e.g., cleaning ductwork vents, replacing filters as needed, properly disposing
spent filters into plastic bags immediately upon removal) isimportant to prevent potential exposures of patients and staff
during HVAC system shut-down. Additionally, a malfunction of the air-intake system can overburden the filtering
system and permit aerosolization of fungal pathogens. Keeping the intakes free from bird droppings, especialy those
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from pigeons, helps to minimize the concentration of fungal spores entering from the outside.*®

Accumulation of dust and moisture within HVAC systems increases the risk of spread of healthcare-associated
environmental fungi and bacteria. Clusters of infections due to Aspergillus spp., Pseudomonas aeruginosa,
Staphylococcus aureus, and Acinetobacter spp. have been linked to poorly maintained and/or malfunctioning air
conditioning systems.% 159 251. 252 Efforts to limit excess humidity and moisture in the infrastructure and on air stream
surfaces in the HVAC system can minimize the proliferation and dispersion of fungal spores and waterborne bacteria
throughout the indoor air.?2-25  Within the HVAC system, water is present in water-wash units, humidifying boxes, or
cooling units. The dual-duct system may also create conditions of high humidity and excess moisture that favor fungal
growth in drain pans as well asin fibrous insulation material which becomes damp as a result of the humid air passing
over the hot stream and condensing. All intake air should be dehumidified to avoid condensation when the air is mixed.

If moistureis present in the HVAC system, it isimportant to avoid periods of stagnation, such as would occur if the
system is temporarily shut down. Bursts of organisms tend to be released upon system start-up which may increase the
risk of airborne infection.?2 Proper engineering of the HVAC system is critical to preventing dispersal of airborne
organisms. Endophthalmitis due to Acremonium kiliense infection following cataract extraction in an ambulatory
surgical center was traced to aerosols derived from the humidifier water in the ventilation system.22 The organism
proliferated because the ventilation system was turned off routinely when the center was not in operation and the air was
filtered before humidification, but not afterwards.

Most healthcare facilities have contingency plansin case of disruption of HVAC services, including back-up power
generators that maintain the ventilation system in high-risk areas (e.g., operating rooms, intensive care units, negative-
or positive-pressure rooms, transplantation and oncology units). Alternative generators are required to engage within 10
seconds of aloss of main power. If the ventilation system is out of service such that the indoor air becomes stagnant,
sufficient time must be allowed to clean the air and re-establish the appropriate number of ACH once the HVAC system
comes back on line. Air filters may aso need to be changed because reactivation of the system can dislodge large
amounts of dust and create atransient burst of fungal spores.

Duct cleaning in healthcare facilities has benefits in terms of system performance, but its usefulness for infection control
has not been conclusively determined. Duct cleaning typically involves using specialized tools to dislodge dirt and a
high-powered vacuum cleaner to clean out debris. Some duct-cleaning services also apply chemical biocides or sealants
to the inside surfaces of ducts to minimize fungal growth and prevent the release of particulate matter. Although
infrequent cleaning of the exhaust ductsin All areas has been documented to be a cause of diminishing negative
pressure and a decrease in the air exchange rates,?'? there are no data to indicate that duct cleaning, beyond what is
recommended for optimal performance, improves indoor air quality or reduces the risk of infection. Exhaust return
systems should be cleaned as part of routine system maintenance. Duct cleaning has not been shown to prevent any
health problems,®¢ and U.S. Environmental Protection Agency (EPA) studies indicate that airborne particulate levels do
not increase as aresult of dirty air ducts, nor do they diminish after cleaning, presumably because much of the dirt inside
air ducts adheres to duct surfaces and does not enter the conditioned space.? Additional research is needed to
determine if air duct contamination can significantly increase the airborne infection risk in general areas of healthcare
facilities.

21



Table7. Ventilation Hazardsin Healthcar e Facilities That May Be Associated with Increased Potential of

Airborne Disease Transmission®

Problem

Consequences

Possible Solutions

Water-damaged building materials (18)

Water leaks can soak wood, wall board, insulation,
wall coverings, ceiling tiles, and carpeting. All of
these materials can provide microbial habitat when
wet. Thisisespecialy true for fungi growing on
gypsum board.

1. Replace water-damaged materials.

2. Incorporate fungistatic compounds into building
materialsin areas at risk for moisture problems.

3. Test for all moisture and dry in lessthan 72
hours. Replaceif the material cannot dry within 72
hours.

Filter bypasses (17)

Rigorousair filtration requires air flow resistance.
Air stream will eludefiltration if openings are
present because of filter damage or poor fit.

1. Use pressure gauges to ensure that filter is
performing at proper static pressure.

2. Make ease of installation and maintenance
criteriafor filter selection.

3. Properly train maintenance personnel in HYAC
issues.

4. Design system with filters down-stream from
fans.

5. Avoid water on filters or insulation.

Improper fan setting (257)

Air must be delivered at design volume to maintain
pressure balances. Airflow in special vent rooms
reverses.

1. Routinely monitor air flow and pressure
balances throughout critical parts of HVAC system.
2. Minimize or avoid using rooms that switch
between positive- and negative pressure.

Ductwork disconnections (258)

Dislodged or leaky supply duct runs can spill into
or leaky returns may draw from hidden areas.
Pressure balance will be interrupted, and infectious
material may be disturbed and entrained into
hospital air supply.

1. Design aductwork system that is easy to access,
maintain, and repair.

2. Train maintenance personnel to regularly
monitor air flow volumes and pressure balances
throughout the system.

3. Test critical areas for appropriate airflow.

Air flow impedance (209)

Debris, structural failure, or improperly adjusted
dampers can block duct work and prevent designed
air flow.

1. Design and budget for aduct system that is easy
to inspect, maintain, and repair.

2. Alert contractors to use caution when working
around HVAC system during the construction
phase.

3. Regularly clean exhaust grills.

4. Provide monitoring for special ventilation areas.

Open windows (96, 240)

Open windows can ater fan induced pressure
balance and alow dirty-to-clean air flow.

1. Use sedled windows.

2. Design HVAC system to deliver sufficient
outdoor dilution ventilation.

3. Ensurethat OSHA indoor air quality standards
are met.

Dirty window air conditioners (96, 259)

Dirt, moisture, and bird droppings can contaminate
window air conditioners, which can then introduce
infectious material into hospital room.

1. Eliminate such devicesin plansfor new
construction.

2. Where they must be used, make sure that they
areroutinely cleaned and inspected.

Inadequate filtration (260)

Infectious particles may pass through filter into
vulnerable patient areas.

1. Specify appropriate filters during new
construction design phase.

2. Make surethat HVAC fans are sized to
overcome pressure demands of filter system.

3. Inspect and test filtersfor proper installation.

Maintenance disruptions (261)

Fan shut-offs, dislodged filter cake material
contaminates downstream air supply, and drain
pans. Compromises airflow in special ventilation
areas.

1. Besureto budget for rigorous maintenance
schedule when designing afacility.

2. Design system for easy maintenance.

3. Ensure good communication between
engineering and maintenance personnel.

4. Institute an ongoing training program for all
involved staff members.
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Table 7 (continued) Ventilation Hazar ds

Problem

Consequences

Possible Solutions

Excessive moisture in the HVAC system (120)

Chronically damp internal lining of the HVAC
system, excessive condensate, drip pans with
stagnant water

1. Duct humidifiers should be located upstream of
thefinal filters

2. There should be a means to remove water from
the system.

3. Monitor humidity; all duct takeoffs should be
downstream of the humidifiers so that moistureis
absorbed completely.

4. Use steam humidifiersin the HVAC system.

Duct contamination (18, 262)

Debrisisreleased during maintenance or cleaning.

1. Provide point-of-usefiltration in the critical
areas.

2. Design air handling system with insulation on
the exterior of the ducts.

3. No fiberous sound attenuators.

4. Decontaminate or encapsulate contamination.

a. Used with permission of the publisher (reference 35).

4. Construction, Renovation, Remediation, Repair, and Demolition

a. General Information

Environmental disturbances caused by construction and/or renovation and repair activities (e.g., removing ceiling tiles,
running cables through the ceiling, structural repairs) in and around healthcare facilities markedly increase the airborne
Aspergillus spp. spore counts in the indoor air of such facilities, thereby increasing the risk for healthcare-associated
aspergillosis among high-risk patients. Although one case of healthcare-associated aspergillosisis often difficult to link
to a specific environmental exposure, the occurrence of temporarily clustered cases increase the likelihood that an
environmental source within the facility may be identified and corrected.

Construction, renovation, repair, and demolition activities in healthcare facilities require substantial planning and
coordination to minimize the risk of airborne infection both during projects and after their completion. Several
organizations and experts have endorsed a multi-disciplinary team approach to coordinate the various stages of
construction activities (e.g., project inception, project implementation, final walk-through, and completion).12% 241, 242, 263 -
26 Table 8 lists suggested members of a multi-disciplinary team, team functions, and responsibilities.
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Table 8. Suggested Members and Functions of a Multi-Disciplinary Coordination Team for Construction,
Renovation, Repair, and Demolition Projects

|
Members

Infection control personnel, including hospital epidemiologists
Laboratory personnel

Facility administrators/ representatives

Director of engineering

Risk management personnel

Directors of specialized programs (e.g., transplantation, oncology, intensive care unit programs)
Employee safety / regulatory affairs personnel

Environmental services

Information systems personnel

Construction administrators/ representatives

Architects

Project managers

Contractors

Industria hygienists

Functions and Responsihilities

Coordinate members input in devel oping a comprehensive project management plan.

Conduct arisk assessment of the project to determine potential hazards to susceptible patients.

Prevent unnecessary exposures of patients, visitors, and staff to infectious agents.

Oversee al infection control aspects of construction activities.

Establish site-specific infection control protocolsfor specialized areas.

Provide education about the infection control impact of construction to staff and construction workers.

Ensure compliance with technical standards, contract provisions, and regulations.

Establish amechanism to address and correct problems quickly.

Develop contingency plans for power failures, water supply disruptions, fires, and emergency response.

Provide awater damage management plan (including drying protocols) for handling water intrusion from floods, leaks, and
condensation.

Develop aplan for structural maintenance.

Education of maintenance and construction workers, healthcare staff charged with the care of with high-risk patients,
and persons responsible for controlling indoor air quality can help to minimize dust and moisture intrusion from
construction sites into high-risk patient care areas, 12> 242 263.265- 268 \/jgal and printed educational materials should be
provided as appropriate in the language of the workers. Staff and construction workers also need to be aware of the
potentially catastrophic consequences of dust and moisture intrusion when an HVAC system or water system fails during
construction or repair; action plans to deal quickly with these emergencies should be developed in advance and kept on
file. Incorporation of specific standards into construction contracts may help to prevent departures from recommended
practices as projects progress. Establishing specific lines of communication isimportant to address problems (e.g., dust
control, indoor air quality, noise levels, vibrations), resolve complaints, and keep projects moving toward completion.
Healthcare facility staff should develop a mechanism to monitor worker adherence to infection control guidelineson a
daily basisin and around the construction site for the duration of the project.

b. Preliminary Considerations

Three major topics to consider before initiating any construction or repair activity are: 1) design and function of the new
structure or area; 2) assessment of environmental risks for airborne disease and opportunities for prevention; and 3)
measures to contain dust and moisture during construction or repairs. Table 9 provides a checklist of design and
function considerations to ensure that a planned structure or area can be easily serviced and maintained for
environmental infection control .17 241. 263, 265- 267 gpecifications for the construction, renovation, remodeling, and
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maintenance of healthcare facilities are outlined in the AIA document, Guidelines for Design and Construction of
Hospitals and Health Care Facilities.*?* 26

Table9. Construction Design and Function Considerationsfor Environmental I nfection Control

Location of sinks and handwashing product dispensers

Types of faucets (aerated vs. non-aerated)

Air handling systems engineered for optimal performance and easy maintenance and repair
ACH and pressure differential s to accommodate special patient care areas

L ocation of fixed sharps containers

Types of surface finishes (non-porous vs. porous)

Well-caulked walls with minimal seams

L ocation of adequate storage and supply areas

Appropriate location of medicine preparation areas (e.g., >3 ft. from asink)

Appropriate location and type of ice machines (preferably single-use- vs. chest-type dispensers)
Appropriate materials for sinks and wall coverings

Appropriate traffic flow (no “dirty” movement through “clean” areas)

| solations rooms with anterooms as required

Appropriate flooring (e.g., seamless floorsin dialysis units)

Sensible use of carpeting (e.g., no carpeting in special care areas or areas likely to become wet)?
Convenient location of soiled utility areas

Properly engineered areas for linen services and solid waste management

L ocation of main generator to minimize the risk of system failure from flooding or other emergency)
Installation guidelines for sheetrock

. ____________________________________________________________________________________________________________|
a. Although bacteriaand fungi can be recovered in great numbers from carpet, its use has not been shown to be a consistent risk for

healthcare-associated infections in immunocompromised patient-care areas. Use of carpet cleaning methods (e.g., “ bonneting”) that
disperse microorganismsinto the air of these special patient care areas, however, may increase the risk of airborne infection.**

Proactive strategies can help prevent environmentally-mediated airborne infections in healthcare facilities during
demoalition, construction, and renovation. The potential presence of dust and moisture and their contribution to
healthcare-associated infections must be critically evaluated early in the planning of any demolition, construction,
renovation, and repairs,120 241 242, 263, 264,266 - 269 Congjderation must extend beyond dust generated by major projects to
include dust that can become airborne if disturbed during routine maintenance and minor renovation activities (e.g.,
exposure of celling spaces for inspection; installation of conduits, cable, or sprinkler systems; rewiring; structural repairs
or replacement).?6% 266.267 - Other projects that can compromise indoor air quality include construction and repair jobs
that inadvertently allow substantial amounts of raw, unfiltered outdoor air to enter the facility (e.g., repair of elevators
and elevator shafts) and activities that dampen any structure, area, or item made of porous materials or characterized by
cracks and crevices (e.g., sink cabinets in need of repair, carpets, ceilings, floors, walls, vinyl wall coverings, upholstery,
drapes, and countertops).1® 263267  Molds grow and proliferate on these surfaces should these materials become and
remain wet, 2 120 242, 260, 263,270 gerybbable materials are preferred for use in patient-care areas.

Containment measures for dust and/or moisture control are dictated by the location of the construction site. Outdoor
demoalition and construction require actions to keep dust and moisture out of the facility (e.g., sealing windows and
vents, keeping doors closed or sealed). Containment of dust and moisture generated from construction inside afacility
requires barrier structures (either pre-fabricated or constructed of more durable materials as needed) and engineering
controls to clean the air in and around the construction/repair site.

c. Infection Control Risk Assessment

A risk assessment conducted before initiating demolition, construction, or renovation activities can identify potential
exposures of susceptible patients to dust and moisture and determine the need for dust and moisture containment
measures. This assessment centers on the type and extent of the construction or repairsin the work area but may also
need to consider adjacent patient-care areas, supply storage, and areas on levels above and below the proposed project.
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Knowledge of the airflow patterns and pressure differentials will help to minimize or eliminate the inadvertent dispersion
of dust that could contaminate air space, patient-care items, and surfaces.’” %22 During long-term projects, providing
temporary essential services (e.g., toilet facilities, vending machines) to construction workers within the site will help to
minimize traffic in and out of the area. The type of barrier systems necessary for the scope of the project must be

defl ned_lz, 120, 242, 269, 273

Depending on the location and extent of the construction, patients may need to be relocated to other areas in the facility
not affected by construction dust.®> 2 Thisis especially important when construction takes place within units housing
immunocompromised patients, severely neutropenic patients, or patients on corticosteroid therapy. Advance assessment
of high-risk locations and planning for the possible transport of patients to other departments can minimize delays and
waiting time in hallways.®* Hospitals may provide immunocompromised patients with respiratory protection devices for
use outside their rooms, although this has not been evaluated for preventing exposure to fungal spores. Protective
respirators (i.e., N95) appeared to be well tolerated by patients in one recent study.?"

Surveillance activities should augment preventive strategies during construction projects.® 4 20.110.275.276 - By determining
baseline levels of healthcare-acquired airborne and waterborne infections, infection control staff can monitor changesin
infection rates and patterns during and immediately after construction, renovations, or repairs.®

d. Air Sampling

(Seedso F. Environmental Sampling later on in Part | for additional basic information.)

Air sampling in healthcare facilities may be used both during periods of construction and on a periodic basis to
determine indoor air quality, efficacy of dust control measures, or air-handling system performance via parametric
monitoring. Parametric monitoring consists of measuring the physical performance of the HVAC system in accordance
with the system manufacturer’ s specifications. A periodic assessment of the system can give assurance of proper
ventilation, especially for special-care areas and operating rooms (e.g., airflow direction and pressure, ACH, filter
efficiency).?””

Air sampling is used to detect aerosols (particles or microorganisms). Particulate sampling (i.e., total numbers and size
range of particulates) is a practical method for evaluating the infection-control performance of the HVAC system, with

an emphasis on filter efficiency in removing respirable particles (<5um diameter) or larger particles from the air. Particle
sizeisreported in terms of the mass median aerodynamic diameter (MMAD), while count median aerodynamic diameter
(CMAD) is useful with respect to particle concentrations.

Particle countsin agiven air space within the healthcare facility should be evaluated against counts obtained in a
comparison area. Particle counts indoors are commonly compared with the particulate levels of the outdoor air. This
approach determines the “rank order” air quality from “dirty” (i.e., the outdoor air) to “clean” (i.e., air filtered through
high-efficiency filters [90% - 95% filtration]) to “ cleanest” (i.e., HEPA-filtered air).?”” Comparisons from one indoor
area to another may also provide useful information about the magnitude of an indoor air quality problem. Presently,
rank-order comparisons among clean, highly-filtered areas and dirty areas and/or outdoors has been suggested as one
way to interpret sampling results in the absence of air quality and action level standards.® 27

In addition to verifying filter performance, particle counts can help determine if barriers and efforts to control dust
dispersion from construction are effective. Thistype of monitoring is helpful when performed at various times and
barrier perimeter locations during the project. Gaps or breaks in the barriers' joints or seals can then be identified and
repaired. With respect to occupationa health, the American Conference of Governmental Industrial Hygienists (ACGIH)
has set a threshold limit value-time weighted average (TLV®-TWA) of 10 mg/m? for nuisance dust that contains no
asbestos and <1% crystalline silica?”®  Alternatively, OSHA has set permissible exposure limits (PELS) for inert or
nuisance dust as follows: respirable fraction at 5 mg/m?® and total dust at 15 mg/m?32°  Although these standards are not
measures of a bioaerosol, they are used for indoor air quality assessment in occupational settings and may be useful
criteriain construction areas. Application of ACGIH guidance to healthcare settings has not been standardized, but
particulate counts in healthcare facilities are likely to be well below this threshold value and approaching clean-room
standards in care areas such as operating rooms.1®
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Particle counters and anemometers are used in particulate evaluation. The anemometer measures air flow velocity,
which can be used to determine sample volumes. Particulate sampling usually does not require microbiology |aboratory
services for the reporting of results.

Microbiologic sampling of air in healthcare facilities remains controversial because of currently unresolved technical
limitations and the need for substantial |aboratory support (Table 10).

The most significant technical limitation of air sampling for airborne fungal agentsisthe lack of standards linking fungal
spore levels with infection rates. Despite this limitation, several heathcare institutions have opted to use microbiologic
sampling when construction projects are anticipated and/or underway in efforts to assess the safety of the environment
for the immunocompromised patients.® 2®  From a practical standpoint, microbiologic air sampling should be limited
to assays for airborne fungi; of those, the thermotolerant fungi (i.e., those capable of growing at 35°C - 37°C [95°F -
98.6°F]) are of particular concern because of their pathogenicity in immunocompromised hosts.*® Use of selective
media (e.g., Sabourauds, inhibitory mold agar) helps with the initial identification of recovered organisms.

Microbiologic sampling for fungal spores performed as part of various airborne disease outbreak investigations has also
been problematic.® 49 106, 111,112,278 The precise source of afungus is often difficult to trace with certainty, and sampling
conducted after exposure may neither reflect the circumstances that were linked to infection nor distinguish between
healthcare-acquired and community-acquired infections. Because fungal strains may fluctuate rapidly in the
environment, healthcare-acquired Aspergillus spp. infection cannot be confirmed or excluded if the infecting strainis
not found in the healthcare setting.?”®  The use of sensitive molecular typing methods (e.g., randomly amplified
polymorphic DNA (RAPD) techniques or more recently a DNA fingerprinting technique that detects restriction fragment
length polymorphisms in fungal genomic DNA) to identify strain differences among Aspergillus spp., however, is
increasing in importance in epidemiologic investigations of healthcare-acquired fungal infection,58: 110, 250, 275, 276, 281 - 285
During case cluster evaluation, microbiologic sampling may provide an isolate from the environment for molecular
typing and comparison with patient isolates. 1t may be prudent for the clinical laboratory to save Aspergillus spp.
isolated from invasive disease cases for these purposes.

Sedimentation methods using settle plates and volumetric sampling methods using solid impactors are commonly
employed when sampling air for bacteriaand fungi. Settle plates have been used by numerous investigators to detect
airborne bacteria or to measure air quality during medical

Table 10. Unresolved I ssues Associated with Microbiologic Air Sampling?s: 100 215. 278, 286

Lack of standards linking fungal spore levels with infection rates (i.e, no safe level of exposure)

Lack of standard protocols for testing (e.g., sampling intervals, number / location of samples)

Need for substantial |aboratory support

New, complex PCR analytical methods

Unknown incubation period for Aspergillus spp. infection

Variability of sampler readings

Sengitivity of the sampler used (i.e., the volumes of air sampled)

Lack of detailsin the literature about describing sampling circumstances (e.g., unoccupied rooms vs. ongoing activities,
expected fungal concentrations, rate of outdoor air penetration)

Lack of correlation between fungal species and strains from the environment and clinical specimens

Confounding variables with high-risk patients (e.g., visitors, time spent outside of PE without protective respiratory
equipment)

Need for determination of ideal temperature for incubating fungal cultures (35°C [95°F] is preferred)

procedures (e.g., during surgery).17- 60.97.149,1%9.276 - Sett| e plates, because they rely on gravity during sampling, tend to
select for larger particles and lack sensitivity for respirable particles (e.g., individual fungal spores), especialy in highly-
filtered environments, and thus are considered impractical for general use.® 28.287-2%  Sett|e plates, however, may
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detect fungi aerosolized during medical procedures (e.g., during wound dressing changes), as described in a recent
outbreak of aspergillosis among liver transplant patients.?*

The use of dlit or sieve impactor samplers capable of collecting large volumes of air in short periods of time are needed
to detect low numbers of fungal sporesin highly-filtered areas.® 2® In some outbreaks, aspergillosis cases have
occurred when fungal spore concentrations in PE ambient air ranged as low as 0.9 - 2.2 colony-forming units per cubic
meter (CFU/m?) of air.’®* Based on the expected spore counts in the ambient air and the performance parameters of
various types of volumetric air samplers, investigators of arecent aspergillosis outbreak have suggested that an air
volume of at least 1000 L (1 m®) should be considered when sampling highly filtered areas.?”? Investigators have also
suggested limits of 15 CFU/m? for gross colony counts of fungal organisms and <0.1 CFU/m? for Aspergillus fumigatus
and other potentially opportunistic fungi in heavily filtered areas (>12 ACH and filtration of >99.97% efficiency).1®
There has been no reported correlation of these values with the incidence of healthcare-associated fungal infection rates.

Air sampling in healthcare facilities, whether used to monitor air quality during construction, to verify filter efficiency, or
to commission new space prior to occupancy, depends on careful notation of the circumstances of sampling. Most air
sampling is performed under undisturbed conditions. However, when the air is sampled during or after human activity
(e.g., walking, vacuuming), a higher number of airborne microorganismsis detected.®® The contribution of human
activity to the significance of air sampling and the impact on healthcare-associated infection rates remain to be defined.
Comparing microbiologic sampling results from atarget area (e.g., an area of construction) to those from an unaffected
location in the facility can provide information about distribution and concentration of potential airborne pathogens. A
comparison of microbial species densities of outdoor air to those obtained from indoor air has been used to help

pinpoint fungal spore bursts. Fungal spore densitiesin outdoor air are variable, although the degree of variation with the
seasons appears to be more dramatic in the United States than in Europe.®? 276 292

Particulate and microbiologic air sampling have been used when commissioning new HVAC system installations, but this
is particularly important for newly constructed or renovated PE or operating rooms. Particulate sampling is used as part
of abattery of teststo determineif anew HVAC system is performing to specifications for filtration and the proper
number of ACH. 28 2.9 Mijcrobiologic air sampling, however, remains controversia in this application, as there are
no standards for comparison purposes. If performed, it should be limited to determining the density of fungal spores
per unit volume of air space. High numbers of spores may indicate contamination of air handling system components
prior to installation, or a system deficiency when culture results are compared to known filter efficiencies and rates of air
exchange.

e. External Demolition and Construction

External demolition and dirt excavation generate considerable dust and debris that can contain airborne microorganisms.
In one study, peak concentrations in outdoor air at grade level and HVAC intakes during site excavation averaged 20,000
CFU/mé for al fungi and 500 CFU/m? for Aspergillus fumigatus, compared with 19 CFU/m?® and 4 CFU/m?3, respectively,
in the absence of construction.?”® Important issues to review prior to demolition include; 120 241, 242, 263, 266, 267, 270,294 1)
proximity of the air intake system to the work site; 2) adequacy of window seals and door seals; 3) proximity of areas
frequented by immunocompromised patients; and 4) location of the underground water pipes. Strategies for minimizing
the intrusion of dust and moisture are summarized in Table 11.

Preventing the entry of outside dust into the HVAC system is crucial. Facility engineers should be consulted about the
potential impact of shutting down the system or increasing the filtration.
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Table11. Strategiesto Reduce Dust and Moisture Contamination During External Demolition and Construction

Item Recommendation

Demolition site U Shroud the siteif possible to reduce environmental contamination.

Adjacent air intakes U Seal off affected intakes if possible, or move if funds permit.

HVAC system U Consult with facility engineer about pressure differentials, air recirculation
options; keep facility air pressure positive relative to outside air.

Filters U Ensure that filters are properly installed; change roughing filters frequently
to prevent dust build-up on high-efficiency filters.

Windows U Sealed and caulked to prevent entry of airborne fungal spores.

Doors U Keep closed as much as possible; do not prop open; seal and caulked unused
doors (i.e., those that are not designated as emergency exits); use tacky mats at
outside entrances.

Water pipes U Note location relative to construction area to prevent intrusion of dust into
water systems.®

Rooftops U Avoid during active demolition/construction.

Dust generation U Mist the area with water to minimize dust.

Immunocompromised patients U Userespiratory barriers (e.g., N95) to prevent airborne infections from

demolition dust; use walk-ways protected from demolition/construction sites;
avoid outside areas close to these sites; avoid rooftops.
Truck traffic U Rerouteif possible, or arrange for frequent street cleaning.
Education/awareness U Encourage reporting of incidents associated with construction.

a. Contamination of water pipes during demolition activities has been associated with healthcare-associated transmission of
Legionella.®*

Selected air handlers, especially those located close to excavation sites, may have to be shut off temporarily to keep from
overloading the system with dust and debris. Care is needed to avoid significant facility-wide reductions in pressure
differentials that may cause the building to become negatively pressured relative to the outside. To prevent excessive
particulate overload and subsequent reductions in effectiveness of intake air systems that cannot be shut off temporarily,
air filters must be inspected frequently for proper installation and function. Excessive dust penetration can be avoided if
recirculated air is maximally utilized while outdoor air intakes are shut down. Scheduling demolition and excavation
during the winter, when Aspergillus spp. spores may be present in lower numbers, can help, although seasonal
variations in spore density differ around the world.®2 276292 Dust control can be managed by misting the dirt and debris
during heavy dust-generating activities. To decrease the amount of aerosols from excavation and demolition projects,
nearby windows, especialy in areas with immunocompromised patients, can be sealed and window and door frames
caulked or weather-stripped to prevent dust intrusion. 2% 2% Monitoring for adherence to these control measures
throughout demolition or excavation is crucial. Diverting pedestrian traffic away from the construction sites decreases
the amount of dust tracked back into the healthcare facility and minimizes exposure of high-risk patientsto
environmental pathogens.

f. Internal Demolition, Construction, Renovations, and Repairs

The focus for infection control during interior construction and repairs is containment of dust and moisture. This
objective is achieved by: 1) educating construction workers about the importance of control measures; 2) preparing the
site; 3) notifying and issuing advisories for staff, patients, and visitors; 4) moving staff and patients and relocating
patients as needed; 5) issuing standards of practice and precautions during activities and maintenance; 5) monitoring for
adherence to control measures during construction and providing prompt feedback about lapses in control; 6)
monitoring HVAC performance; 7) implementing daily clean-up, terminal cleaning and removal of debris upon
completion; and 8) maintaining the water system after construction.

Physical barriers to contain smoke and dust will confine disbursed fungal spores to the construction zone.25% 273 2%, 297
The type of barrier required depends on the project’ s scope and duration and on local fire codes. Short-term projects
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that result in minimal dust dispersion (e.g., installation of new cables or wiring above ceiling tiles) require only portable
plastic enclosures with negative pressure and HEPA filtration of the exhaust air from the enclosed work area. The
placement of a portable industrial-grade HEPA filter device (300 - 800 ft#/min.) adjacent to the work area will help to
remove fungal spores, but its efficacy is dependent on the supplied ACH and size of the area. If the project is more
extensive than arepair job but still is considered a short-term undertaking, then dust-abatement, fire-resistant plastic
curtains (e.g., Visgueen®) may be adequate. These should be completely airtight and sealed from ceiling to floor with
overlapping curtains;?%® 267:2%  holes, tears, or other perforations should be repaired promptly with tape. A portable
industrial-grade HEPA filter unit on continuous operation may be needed within the contained area, with the filtered air
exhausted to the outside of the work zone. Patients should not remain in the room when dust-generating activities are
performed.

More elaborate barriers are indicated for projects of long duration that generate moderate to large amounts of dust.
These barrier structures typically consist of rigid, noncombustible walls constructed from sheet rock, drywall, plywood,
or plaster board and covered with sheet plastic (e.g., Visgqueen®). Barrier requirements to prevent the intrusion of dust
into patient-care areas include: 1) installing a plastic dust abatement curtain before construction of therigid barrier; 2)
sealing and taping all joint edges including the top and bottom; 3) extending the barrier from floor to floor, which takes
into account the space (approximately 2 - 8 ft.) above the finished, lay-down ceiling; and 4) fitting or sealing any
temporary doors connecting the construction zone to the adjacent area. Table 12 lists some of the various construction
and repair activities that require the use of temporary or durable barriers.

Table 12. Construction/Repair Projects That Require Barrier Structurest?% 242 263, 266, 267

Demolition of walls, wallboard, plaster, ceramic tiles, ceiling tiles, ceilings

Removal of flooring and carpeting, windows and doors, casework

Working with sinks and plumbing that could result in aerosolization of water in high-risk areas
Exposure of ceiling spaces for installation of conduits, rewiring

Crawling into ceiling spaces for inspection (but not for visual inspection only)

Demolition, repair, or construction of elevator shafts

Repairing water damage

Dust and moisture abatement and control rely primarily on the impermeable barrier containment approach; as
construction continues, numerous opportunities can lead to dispersion of dust to other areas of the healthcare facility.
Thisis especidly true for PE for neutropenic patients. Infection control measures which augment the use of barrier
containment are outlined in Table 13. This table presents a generalized approach of managing internal construction and
repair projects through the entire process.



Table 13. Infection Control Measuresfor Internal Construction and Repair Projects!® 5167 80. 106, 120, 241, 242, 263, 266 -

268, 270, 274, 298 - 301

Infection Control Measure

Steps Toward | mplementation

Get ready for the project

1
2.

Use amulti-disciplinary team approach to incorporate infection control into the project.
Conduct the risk assessment, preliminary walk-through with project managers and staff.

Educate staff and construction workers

1

Educate staff and construction workers about the importance of adhering to infection control

measures during the project.

2.

Provide educational materialsin the language of the workers.

Issue hazard and warning notices

1
2.

Post signsto identify construction areas, potential hazards.
Mark detoursto avoid the work area.

Relocate high-risk patients as needed, especially if the
construction isin or adjacent to a PE area.

. ldentify target patient populations for relocation based on the risk assessment.
. Arrange for the transfer in advance to avoid delays.
. At-risk patients should wear protective respiratory equipment (e.g., N95 respirator).

Establish aternative traffic patterns for staff, patients,
visitors, and construction workers

. Determine appropriate alternate routes from the risk assessment.
. Designate areas (e.g., hallways, elevators, entrancesexits) for construction worker use.
. Do not transport patients on the same elevator with construction materials and debris.

Erect appropriate barrier containment

1

Use prefabricated plastic units or plastic sheeting for short-term projects which would generate

minimal dust.

2.

Use durablerigid barriers for ongoing, long-term projects.

Establish proper ventilation

1
2.
3.

Shut off return air vents in construction zone if possible and seal around grilles.
Exhaust air and dust to the outsideif possible.
If recirculated air from the construction zone unavoidable, use a pre-filter and a HEPA filter before

theair returnsto the HVAC system.

ogoNo U A

. Set pressure differentials so that the contained work areais under negative pressure.

. Use airflow monitoring devices to verify the direction of the air pattern.

. Exhaust air and dust to the outside if possible.

. Monitor temperature, ACH, and humidity levels (humidity < 65%).

. Use portable, industrial grade HEPA filtersin the adjacent area and/or the construction zone for
ditional ACH.

Keep windows closed if possible.

Control debris

O WNPE

. When replacing filters, place the old filter in abag prior to transport and disposal.

. Clean the construction zone daily or more often as needed.

. Designate removal route for small quantities of debris.

. Mist debris and cover disposal carts before transport.

. Designate an elevator for construction crew use.

. Use window chutes and negative pressure equipment for removal of larger pieces of debriswhile

maintaining pressure differentials.

7.

Time debris removal to periods when patient exposure to dust isminimal.

Control dust

1
2.
3.

Monitor the construction area daily for compliance with the infection control plan.
Protective outer clothing for construction workers should be removed before entering clean areas.
Use tacky mats within the construction zone at the entry; cover sufficient area so that both feet

make contact with the mat while walking through the entry.

©O©oo~NO UL

. Construct an anteroom as needed where coveralls can be removed.

. Use wet-mop cleaning of the construction zone and all areas used by construction workers.

. Provide temporary essential services (e.g., toilets, vending machines) in the construction zone.
. Damp-wipetoolsif removed from the construction zone or left in the area.

. Ensure that the barriers remain well sealed; use particle sampling as needed.

. Ensurethat the clinical |aboratory is free from dust contamination.

(Continued next page)
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Table 13 (continued). Infection Control Measuresfor Internal Construction

Infection Control Measure Steps Toward | mplementation

Control water damage 1. Make provisionsfor dry storage of building materials.

2. Do not install wet, porous building materials (i.e., sheet rock).

3. Replace water damaged porous building materialsif they cannot be
completely dried out within 72 hours.

. Flush the mains water system to clear dust contaminated lines.

. Terminally clean the construction zone before the barriers are removed.

. Check for visible mold and mildew and remove if present.

. Do not accept ventilation deficienciesin special care areas.

. Verify appropriate ventilation parameters for the new area as needed.

. Clean or replace HVAC filters using proper dust containment procedures.
. Removethe barriers.

. Ensure designated air balance in the OR and protective environments befor
occupancy.

9. Commission the space asindicated, especially for the OR and protective
environments.

Complete the project

oO~NO O WNPE

Dust control measures for the clinical laboratories are an important part of the infection control strategy during hospital
construction or renovation. Pseudofungemia clusters attributed to Aspergillus spp. and Penicillium spp. have been
linked to improper airflow patterns and construction adjacent to the laboratory, intrusion of dust and sporesinto a
biological safety cabinet from construction activity immediately next to the cabinet resulted in a cluster of cultures
contaminated with Aspergillus niger.®2 3% The |atter report mentioned no use of barrier containment and noted that the
HEPA filtration system was overloaded with dust. An outbreak of pseudobacteremia due to Bacillus spp. occurred
during hospital construction over a storage area for blood culture bottles.?® Airborne spread of Bacillus spp. spores
resulted in contamination of the bottles’ plastic lids, which were not disinfected or handled with proper aseptic technique
prior to collection of blood samples.

5. Environmental Infection Control Measuresfor Special Healthcar e Settings

Areasin healthcare facilities that require specia ventilation include: 1) operating rooms; 2) PE rooms used by high-risk,
immunocompromised patients; and 3) All rooms for isolation of patients with airborne infections due to M.
tuberculosis, VZV, or measlesvirus. The number of rooms required for PE and All are determined by a risk assessment
of the healthcare facility.®

a. Protective Environments (PE)

Although the exact configuration and specifications of PE might differ among hospitals, these care areas for high-risk,
immunocompromised patients are designed to minimize fungal spore countsin air by maintaining: 1) filtration of
incoming air by using central or point-of-use HEPA filters; 2) directed room airflow [i.e., from supply on one side of the
room, across the patient, and out through the exhaust on the opposite side of the room]; 3) positive room air pressure
relative to the corridor [supplied to the room at arate that is 150 ft¥min. greater than the rate of exhaust]; 4) well-sealed
rooms; and 5) >12 ACH.#4 244.247,304-307 Djrected room airflow in PE roomsis not laminar airflow, as parallel air
streams are not generated. Studies attempting to demonstrate patient benefit from laminar airflow in a PE setting are
equivoca| .304, 306 - 313

Airflow direction at the entrances to these areas should be maintained and verified, preferably on adaily basis, using
either avisual means of indication (e.g., smoke tubes) or manometers. Facility service structures can interfere with the
proper unidirectional airflow from the patients’ rooms to the adjacent corridor. In one study, Aspergillus spp. infections
in acritical-care unit may have been associated with a pneumatic specimen transport system, alinen disposal duct
system, and central vacuum linesfor housekeeping, all of which disrupted proper airflow from the patients’ rooms to
the outside and allowed entry of fungal sporesinto the unit.3

The use of surface fungicide treatments is becoming more common, especially for building materials.®® Copper-based
compounds have demonstrated anti-fungal activity and are often applied to wood or paint. Copper-8-quinolinolate was
used on environmental surfaces contaminated with Aspergillus spp. to control one reported outbreak of aspergillosis.?*®
The compound was aso incorporated into the fireproofing material of a newly constructed hospital to help decrease the
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environmental spore burden.3

The use of a NIOSH-approved respirator by high-risk, immunocompromised patients may be considered as part of the
strategy to protect such patients when they leave PE for treatments elsewhere in the facility.?”? These personal protective
devices have been shown under experimental conditions to be effective in preventing both the inhalation of respirable
particles and the reaerosolization of exhaled particles3¢-32° |n order to prevent reaerosolization of exhaled particles,
filtering facepieces (disposable respirators) without exhalation valves must be used. Under simulated breathing
conditions, N95 respirators collected >95% of particles with diameters ranging from 0.1 - 0.3 um and achieved filtering
efficiencies of >99.5% with particles of 0.75 um diameter.318 3%  Reaerosolization rates of <0.1% were noted under test
conditions simulating violent coughing or sneezing.®'® The clinical efficacy of these devicesin preventing aspergillosis
and other opportunistic fungal infections has not been fully evaluated.

b. Airborne Infection Isolation Areas (All)

All acute-care inpatient facilities need at |east one room equipped to house patients with airborne infection (All).
Guidelines for the prevention of healthcare-acquired TB have been published in response to multiple reports of
healthcare-associated transmission of multiresistant strains.* %2 In reports documenting healthcare-acquired TB,
investigators have noted a failure to comply fully with prevention measures in established guidelines.322-3% These gaps
highlight the importance of prompt recognition of the disease, isolation of patients, proper treatment, and engineering
controls.

Salient features of engineering controls for All areasinclude: 1) use of negative pressure rooms with close monitoring of
airflow direction using manometers or visual indicators (e.g., smoke tubes) placed in the room with the door closed; 2)
>12 ACH for arearenovation or new construction; and 3) air from negative pressure rooms and treatment rooms
exhausted directly to the outside if possible.* 12 When the recirculation of air from these rooms is unavoidable, HEPA
filters should be installed in the exhaust duct leading from the room to the general ventilation system. In addition to
UVGI fixtures in the room, UV GI can be placed in the ducts as an adjunct measure to HEPA filtration, but cannot replace
the HEPA filter. 3%

Cough-inducing procedures such as endotracheal intubation and suctioning, diagnostic sputum induction, aerosol
treatments, and bronchoscopy require similar precautions. Sputum induction performed in an area without whole room
negative pressure (e.g., clinic, emergency department) requires an enclosed booth with these specifications: 1) 12 ACH;
2) negative pressure; 3) an exhaust rate at least 50 ft¥min. directly to the outside; and 4) an air volume differential of
>100 ft¥/min.3%.3%° A HEPA filter isrequired in the exhaust grille if the air is recirculated or exhausted to areas near air-
intake vents, persons, or animals. If such abooth or enclosed space is unavailable, then adequate time must be allowed
for sufficient ACH needed to remove 99.9% of airborne particles (Appendix B).*

A special case is the management of patients requiring PE (i.e., allogeneic HSCT patients) who concurrently have TB or
other airborne infection. For thistype of patient treatment, an anteroom is required as per AIA guidelines; the pressure
differential of an anteroom can be positive or negative relative to the patient in the room.’*  An anteroom can act as an
airlock. If the anteroom is positive relative to the air space in the patient’ s room, staff members do not have to mask
prior to entry into the anteroom as long as there is direct air exhaust to the outside and a minimum of 10 ACH.*?° |f an
anteroom is not available, use of a portable, industrial grade HEPA filter unit may help to increase the number of ACHs,
but there must be a fresh air source to achieve the proper air exchange rate. Incoming ambient air should receive HEPA
filtration.
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Figure 2. Positive-Pressure Room?

Figure 3. Negative-Pressure Room?
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Figure 4. Airborne Infection Isolation Room With Anteroom?
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The top diagram represents airflow patterns when a patient with an airborne infectious disease occupies the room.
The middle and bottom diagrams show recommended airflow patterns when an immunocompromised patient who
also has an airborne infectious disease is in the room. The black boxes represent the patient's bed. The open
box with the large cross-hatch is the supply air. Arrows show the direction of airflow. Open boxes with single,
diagonal lines represent air exhaust registers. (Used with permission from Andrew Streifel, MPH, REHS)

C. Operating Rooms

Operating room air may contain microorganisms, dust, aerosol, lint, skin squamous epithelial cells, and respiratory
droplets. The microbial level in operating room air is directly proportional to the number of people moving about in the
room.*® One study documented lower infection rates with coagul ase-negative staphylococci among patients when
operating room traffic during the procedure was limited.>** Therefore, efforts should be made to minimize personnel
traffic during operations. Outbreaks of surgical site infections (SSIs) caused by group A beta-hemolytic streptococci
have been traced to airborne transmission from colonized operating room personnel to patients.**®-152  Several potential
healthcare-associated pathogens (e.g., Staphylococcus aureus and Staphylococcus epidermidis) and drug-resistant
organisms have also been recovered from areas adjacent to the surgical field,*? but the extent to which the presence of
bacteria near the surgical field influences the development of postoperative SSIsis not clear.3*

Operating rooms should be maintained at positive pressure with respect to corridors and adjacent areas.®** Operating
rooms should not have variable air handling systems. Conventional operating room ventilation systems produce a
minimum of about 15 ACH of filtered air for thermal control, three (20%) of which must be fresh air.2>3%  Air should
be introduced at the ceiling and exhausted near the floor.345 34

Laminar airflow and UV GI have been suggested as adjunct measures to reduce SSI risk for certain operations. Laminar
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airflow is designed to move particle-free air over the aseptic operating field at a uniform velocity (0.3 to 0.5 pm/sec),
sweeping away particlesin its path. Thisair flow can be directed vertically or horizontally, and recirculated air is passed
through a HEPA filter.3¥-3° Neither laminar airflow nor UV light, however, has been conclusively shown to decrease
overall SSI risk.3# 351357

The use of general anesthesiain TB patients poses special infection control challenges because intubation can induce
coughing. Although operating room suites at 15 ACH exceed the air exchanges required for TB isolation, the positive
airflow relative to the corridor could result in healthcare-associated transmission of TB to operating room personnel.
The AlA currently does not recommend changing pressure from positive to negative or setting it to neutral, and it is
doubtful that many facilities have the capability to do s0.1?° Elective surgery on infectious TB patients should be
postponed until they have received adequate drug therapy. When emergency surgery isindicated for an infectious TB
patient, infection control measures as outlined in Table 14 appear to be reasonable.

Table 14. Strategy for Managing TB Patients and Preventing Airborne Transmission in Oper ating Rooms®* 3%

1) If emergency surgery isindicated on a patient with active TB, schedule the TB patient as the last surgical case to provide maximum
timefor air cleaning (ACHs).

2) Operating room personnel should use NIOSH-approved N95 respirators.

3) Keepthe door closed after the patient isintubated.

4) Allow adequate time for sufficient ACH necessary to remove 99.9% of airborne particles (Appendix B):
a) after the patient is intubated and particularly if intubation induces coughing;
b) if the door to the operating suite must be opened; and intubation induces coughing in the patient; or
c) after the patient is extubated and suctioned (unless there is a closed suctioning system).

5) Extubate the patient in the operating room or allow the patient to recover in All rather than in the regular open recovery facilities.

6) Temporary use of aportable, industrial grade HEPA filter may expedite removal of airborne contaminants (fresh air exchange
requirements for proper ventilation must still be met).*

7) Breathing circuit filters (e.g., Pall BB 25A, BB 100, and HME 15-22) with removal efficiencies of >99.99% to >99.999% for
Mycobacterium bovis (a surrogate for Mycobacterium tuberculosis) at a minimum total concentration of 10* CFU can be
used as an adjunct infection control measure.®®

* Portable HEPA filter units previously used in construction areas should not be used in subsequent patient care.
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Table 15. Summary of Ventilation Specificationsin Selected Areas of Healthcar e Facilities®

Specifications Airbornelsolation Protective Critical Care Isolation Operating Room
(AlT)2 Environment RoomP Anteroom
(PE)
Air pressure Negative Positive Positive, negative, Positive or Positive
or neutral negative
Room air changes >12 ACH (for >12 ACH >6 ACH >10ACH 150r 25 ACH

renovation or new
construction)

Sedled YES YES NO YES YES

Filtration supply 90% (dust-spot 99.97%° >90% >90% 90%
ASHRAE 52-76)

Recirculation NO' YES YES NO YES

a. Includes bronchscopy suites.

b. Positive pressure and HEPA filters may be preferred in some rooms in intensive care units (ICUs) caring for large numbers of
immunocompromised patients.

Clean-to-dirty: negative to infectious patient, positive away from a compromised patient.

Minimized infiltration for ventilation control. Pertains to windows, closed doors, surface joints.

Fungal spore filter at point of use - HEPA at 99.97% of 0.3 um particles.

Recirulated air may be used if the exhaust air isfirst processed through a HEPA filter.

Used with permission of the publisher (reference 35).
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6. Other Aerosol Hazardsin Healthcare Facilities

In addition to infectious bioaerosols, there are several important non-infectious indoor air quality issues for healthcare
facilities. The presence of sensitizing and allergenic agents and irritants in the workplace is increasing in importance.
Some common agents include ethylene oxide, glutaraldehyde, formaldehyde, hexachlorophene, and latex allergens.>®
Asthma and dermatologic and systemic reactions often result with exposure to these chemicals. Anesthetic gases and
aerosolized medications such as ribavirin, pentamidine, and aminoglycosides represent some of the emerging potentially
hazardous exposures to healthcare workers. Containment of the aerosol at the source isthe first level of engineering
control, but personal protective equipment (e.g., masks, respirators, glove liners) to distance the worker from the hazard
may be needed as well.

Laser plumes or surgical smoke represent another potential risk for healthcare workers.®t-363 | asers transfer
electromagnetic energy into tissues, resulting in the release of a heated plume that includes particles, gases, tissue debris,
and offensive smells. One concern is that aerosolized infectious material in the laser plume might reach the nasal
mucosa of surgeons and adjacent personnel. Although some viruses (i.e., varicella-zoster virus, pseudorabies virus,
herpes simplex virus) apparently do not aerosolize efficiently,34 3 other viruses and a variety of bacteria (e.g., human
papillomavirus [HPV], HIV, coagul ase-negative Staphylococcus, Corynebacterium spp., Neisseria spp.) have been
detected in laser plumes.®%-372 The presence of an infectious agent in alaser plume may not, however, be sufficient to
cause disease from airborne exposure, especially if the normal mode of transmission for the agent is not airborne. There
is no evidence that HIV or hepatitis B virus (HBV) has been transmitted via aerosolization and inhalation.®"

Although continuing studies are needed to fully evaluate the risk of laser plumes to the surgical team, it is prudent to
follow NIOSH recommendations®?® and the Recommended Practices for Laser Safety in Practice Settings developed by
the Association of periOperating Room Nurses (AORN).5*  These practices include the use of: 1) high-filtration surgical
masks and possibly full face shields;*”® 2) central wall suction units with in-line filters to collect particulate matter from
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minimal plumes; and 3) dedicated mechanical smoke exhaust systems with a high-efficiency filter to remove large
amounts of laser plume. Use of a smoke evacuator or needle aspirator can help protect healthcare workers when
excising and draining a TB abscess.*

D. Water

1. Modesof Transmission of Water borne Diseases

Moist environments and agueous solutions in healthcare settings have the potential to serve as reservoirs for waterborne
microorganisms. Under favorable environmental circumstances (e.g., temperature, source of nutrition), these
microorganisms can proliferate to great numbers or may also remain for long periodsin highly stable, environmentally-
resistant yet infectious forms. Modes of transmission for waterborne infections include: 1) direct contact, such as
during hydrotherapy; 2) ingestion of water, such as from consuming contaminated ice; 3) indirect-contact transmission,
such as from an improperly reprocessed medical device;® 4) inhalation of aerosols dispersed from water sources;® and
5) aspiration of contaminated water. The first three modes of transmission are commonly associated with infections due
to gram-negative bacteria and non-tuberculous mycobacteria (NTM). Aerosols generated from water sources
contaminated with Legionella spp. often serve as the vehicle for introducing these pathogens to the respiratory tract.>"

2. Waterborne I nfectious Diseases in Healthcare Facilities

a. Legionellosis

Legionellosisis a collective term describing infection produced by Legionella spp., whereas Legionnaires’ diseaseisa
multisystem illness with pneumonia.®” The clinical and epidemiologic aspects of these diseases, summarized in Table
16, are discussed extensively in another guideline.® Although Legionnaires' diseaseis arespiratory infection, infection
control measures intended to prevent healthcare-associated cases center on water quality since the principal reservoir for
Legionella spp. is water.

Legionella spp. are commonly found in various natural and manmade aquatic environments®® 37 and can enter
healthcare facility water systemsin low or undetectable numbers.3 % Cooling towers, evaporative condensers, heated
potable water distribution systems, and locally produced distilled water can provide environments for multiplication of
legionellae.®2-38 |n several hospital outbreaks, patients were considered to be infected through exposure to
contaminated aerosols generated by cooling towers, showers, faucets, respiratory therapy equipment, and room-air
humidifiers.®7-3% Factors that enhance colonization and amplification of legionellae in manmade water environments
include: 1) temperatures of 25°- 42°C [77°F - 107.6°F]3%7-40t 2) stagnation;*®? 3) scale and sediment;*® and 4) presence
of certain free-living aquatic amoebae that can support intracellular growth of legionellae.*® %  The bacteria multiply
within single-cell protozoain the environment and within alveolar macrophages in humans.
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Table 16. Clinical and Epidemiologic Characteristics of L egionellosis/L egionnaires’ Disease

References

Causative Agent Legionella pneumophila (90% of infections); L. micdadei, L. bozemanii, 377, 405 - 408
L. dumoffii, L. longbeachii, (14 additional species can cause infection in
humans)

Mode of Transmission Aspiration of water, direct inhaation of water aerosols 3, 376, 377, 405, 407, 409

Infection Associated With: Exposure to environmental sources of Legionella spp. (i.e., water or water 31, 33, 387 - 396, 410 - 413
aerosols)

Clinical Syndromesand Two digtinct illnesses: Pontiac fever - amilder influenza-like illness; severe, 3,406 - 408, 414 - 421
Diseases progressive Pneumonia that may be associated with cardiac, renal, and
gastrointestina involvement.

Patient Populations at Immunosuppressed patients (e.g., transplant patients, cancer patients, patients | 377, 405, 406, 422 - 432
Greatest Risk receiving corticosteroid therapy); immunocompromised patients (e.g.,
surgica patients, patients with underlying chronic lung disease, dialysis
patients); elderly persons, patients who smoke

Occurrence Proportion of community-acquired pneumonia due to Legionella spp. ranges | 405, 406, 433 - 443
from 1% - 5%; estimated annual incidence among the genera population
8,000 - 18,000 casesin the U.S.; incidence of healthcare-associated
pneumonia (0% - 14%) may be underestimated if appropriate laboratory
diagnostic methods are unavailable.

Mortality Rate 5% - 30% of patients in outbresks; rate is higher among hedlthcare-associated | 377, 405, 406
pneumonia cases compared to that for community-acquired pneumonia

patients

b. Other Gram-Negative Bacterial |nfections

Other gram-negative bacteria present in finished or potable water can also cause healthcare-associated infections.
Clinically important organisms in tap water include Pseudomonas aer uginosa, Pseudomonas spp., Burkholderia
cepacia, Ralstonia pickettii, Senotrophomonas maltophilia, and Sphingomonas spp. (Tables 17 and 18). These
organisms are largely opportunistic; immunocompromised patients are at greatest risk of developing infection. Medical
conditions associated with these bacterial agents range from colonization of the respiratory and urinary tracts to deep,
disseminated infections that can result in pneumonia and bloodstream bacteremia. Colonization by any of these
organisms often precedes the development of infection. The use of tap water in medical care (e.g., in direct patient care,
as adiluent for solutions, as awater source for medical instruments and equipment, during the final stages of instrument
disinfection), therefore presents a potential risk of exposure. Colonized patients can aso serve as a source of
contamination, particularly for moist environments of medical equipment (e.g., ventilators).

In addition to Legionella spp., Pseudomonas aeruginosa and Pseudomonas spp. are among the most important of the
clinically-relevant, gram-negative, healthcare-associated pathogens identified from water. Pseudomonas spp., along with
other gram-negative, non-fermentative bacteria, have minimal nutritional requirements (i.e., these organisms can grow in
distilled water) and can tolerate a variety of physical conditions (e.g., temperature flucuations); these attributes are
important for these organisms’ success as healthcare-associated pathogens and widespread distribution in moist
environments. Measures to prevent the spread of these organisms and other waterborne gram-negative bacteria include
handwashing, use of gloves and other barrier precautions; and eliminating potentially contaminated environmental
reservoirs. 44 44
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Table 17. Pseudomonas aeruginosa I nfectionsin Healthcare Facilities

References

Clinical syndromes

Septicemia; pneumonia (particularly
ventilator-associated); chronic
respiratory infections among cystic
fibrosis patients; urinary tract infections;
skin and soft-tissue infections (tissue
necrosis and hemorrhage); burn wound
infections; folliculitis; endocarditis;
central nervous system infections
(meningitis, abscess); eye infections,
bone and joint infections

446 - 483

M odes of transmission

Direct contact with water, aerosols,
aspiration, indirect transfer from moist
environmental surfaces via healthcare
worker hands

28, 482 - 486

Environmental sour ces of
Pseudomonadsin healthcar e settings

Potable (tap) water; distilled water;
antiseptic solutions; sinks, hydrotherapy
pools, whirlpools; water baths;
lithotripsy therapy; dialysis water;
eyewash stations; flower vases

28, 29, 446, 448, 487 - 498

Environmental sour ces of
Pseudomonadsin the community

Fomites (e.g., drug injection equipment)
stored in contaminated water

474, 475

Patient populations at greatest risk

Intensive care unit patients (including
NICU), transplant patients (organ and
hematopoietic stem cell), neutropenic
patients, burn therapy and hydrotherapy
patients, patients with malignancies,
cystic fibrosis patients, patients with
underlying medical conditions, dialysis
patients

28, 446, 447, 452, 457, 473,
486 - 488, 491, 492, 499 - 504
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Table 18. Other Gram-Negative Bacteria Associated with Water and Moist Environments

Implicated Environmental Vehicle References

Burkholderia cepacia

Distilled water 505

Contaminated solutions and disinfectants 506, 507

Diaysis machines 505

Nebulizers 508 - 510

Water baths 511

Intrinsi cally-contaminated mouthwash 512

Ventilator temperture probes 513

Stenotrophomonas maltophilia, Sphingomonas spp.

Distilled water 514, 515

Contaminated solutions and disinfectants 507

Diaysis machines 505

Nebulizers 508 - 510

Water 516

Ventilator temperature probes 517

Ralstonia pickettii

Fentanyl solutions 518

Chlorhexidine 519

Distilled water 519

Contaminated respiratory therapy solution 519, 520

Serratia marcescens

Potable water 521

Contaminated antiseptics - benzalkonium chloride, 522 - 524

chlorhexidine
Contaminated disinfectants - quaternary ammonium 525, 526
compounds

Contaminated disinfectants - gl utaraldehyde 525, 526

Acinetobacter spp.

Medical equipment that collects moisture - 527 - 534

mechanical ventilators, cool mist humidifiers,
vaporizers, mist tents

Room humidifiers 531, 533

Environmental surfaces 535 - 542

Enterobacter spp.

Humidifier water 543

Intravenous fluids 544 - 556

Unsterilized cotton swabs 551

Ventilators 543, 547

Rubber piping on a suctioning machine 543, 547
548

Blood gas anadyzers
A

Two additional gram-negative bacterial pathogens which can proliferate in moist environments are Acinetobacter spp.
and Enterobacter spp.>*%° Members of both genera are responsible for healthcare-associated episodes of colonization,
bloodstream infections, pneumonia, and urinary tract infections among medically-compromised patients, especially those
in intensive care units and burn therapy units.>* 5%0-%1 |nfections due to Acinetobacter spp. represent a significant
clinical problem. Average infection rates are higher during July - October compared to rates noted from November -
June.®2 Mortdlity associated with Acinetobacter bacteremia ranges from 17% - 52%, and rates as high as 71% have
been reported for pneumonia due to infection with either Acinetobacter spp. or Pseudomonas spp.552-5*  Multi-drug
resistance, especially concerning third generation cephalosporins for Enterobacter spp., contributes to increased
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morbidity and mortality.>*" 5%

Patients and healthcare workers represent important sources of either Acinetobacter spp. or Enterobacter spp.,
contributing to environmental contamination of surfaces and equipment, especially in intensive care areas because of the
nature of the medical equipment (e.g., ventilators) and the moisture associated with this equipment.527: 549.550. 563 Hand
carriage and hand transfer are important factors for healthcare-associated transmission of these organisms, and for
Serratia marcescens.® Enterobacter spp. are primarily spread in this manner among patients by the hands of
healthcare workers.>* 565 Acinetobacter spp. have been isolated from the hands of 4% to 33% of healthcare workersin
some studies,>®3- 568 and transfer of an epidemic strain of Acinetobacter from patients’ skin to healthcare workers' hands
has been demonstrated experimentally.5®° Acinetobacter infections and outbreaks have been attributed to hand transfer
of the organisms and to contaminated medical equipment and materials, especially devicesthat collect moisture (e.g.,
ventilators, cool mist humidifiers, vaporizers, mist tents) or have other contact with water of uncertain quality (e.g.,
rinsing a ventilator circuit in tap water).5? -5 Strict adherence to hand hygiene or handwashing helps prevent the
spread of both Acinetobacter spp. and Enterobacter spp.55 57

Acinetobacter spp. have also been detected on a variety of dry environmental surfaces (e.g., bed rails, counters, sinks,
bed cupboards, bedding, floors, telephones, medical charts) in the vicinity of colonized or infected patients.>-542 |n
two studies, the survival periods of A. baumannii and A. calcoaceticus on dry surfaces approximated that for
Staphylococcus aureus (e.g., 26 - 27 days).>™ 52 Because Acinetobacter spp. may come from numerous sources at any
given time, laboratory investigation of healthcare-associated Acinetobacter infections may involve techniques to
determine biotype, antibiotype, plasmid profile, and genomic fingerprinting (macrorestriction analysis) to accurately
identify sources and modes of transmission of the organism(s).>”

c. Infections and Pseudoinfections Due to Non-Tuber culous Mycobacteria

Non-tubercul ous mycobacteria spp. (NTM) are acid-fast bacilli (AFB) commonly found in potable water. NTM include
both saprophytic and opportunistic organisms. Many NTM are of low pathogenicity, and some measure of host
impairment is necessary to enhance clinical disease.®* The four most common forms of human disease associated with
NTM are: 1) pulmonary disease in adults; 2) cervical lymph node disease in children; 3) skin, soft tissue, and bone
infections; and 4) disseminated disease in immunocompromised patients.>’* >  Person-to-person transmission of NTM
infection does not appear to occur, and close contacts of patients are not readily infected, even though a patient may be
shedding large numbers of organisms."4576-578 NTM are spread via all the modes of transmission associated with
water. In addition to healthcare-associated outbreaks of clinical disease, NTM can colonize patients in healthcare
facilities through consumption of contaminated water or ice, or inhalation of aerosols.5°-%2 Colonization following
NTM exposure occurs when a patient’s local defense mechanisms are impaired; overt clinical disease is usually not
described.®* Patients may have positive sputum cultures in the absence of clinical disease.

42



Table 19. Non-Tuberculous Mycobacteria - Environmental Vehicles

Vehicles Associated with I nfections or Colonization References
M. abscessus

Inadequately sterilized medical instruments 585

M. avium complex (MAC)

Potable water 586 - 588
M. chelonae

Didysis, reprocessed dialyzers 31,32
Inadequately sterilized medical instruments, jet injectors 589, 590
Contaminated solutions 591, 592
Hydrotherapy tanks 593

M. fortuitum

Aerosols from showers or other sources 583, 584
Ice 580
Inadequately sterilized medical instruments 579
Hydrotherapy tanks 594

M. marinum

Hydrotherapy tanks 595

M. ulcerans

Potable water 596
Vehicles Associated with Pseudo-outbreaks

M. chelonae

Potable water used during bronchoscopy and instrument reprocessing 597

M. fortuitum

Ice 598

M. gordonae

Deionized water 599

Ice 581
Laboratory solution (intrinsically contaminated) 600

M. kansasii

Potable water 601

M. terrae

Potable water 602

M. xenopi

Potable water 601, 603, 604

Using tap water during patient procedures, specimen collection and transport, or in the final steps of instrument
reprocessing can result in pseudo-outbreaks of NTM contamination.® 2603 NTM pseudo-outbreaks of M. chelonae,
M. gordonae, and M. xenopi have been associated with both bronchoscopy and gastrointestinal endoscopy when tap
water is used to provideirrigation to the site or to rinse off the viewing tip in situ, or if the instruments are
inappropriately reprocessed with tap water in the final steps.97 59 604

NTM can be isolated from both natural and manmade environments. Numerous studies have identified various NTM in
municipal water systems and in hospital water systems and storage tanks. %" 58 5%. 601, 605- 609 5ome NTM species (e.g.,
M. xenopi) can survivein water at 45°C (113°F), and can be isolated from hot water taps, which can pose a problem for
hospitals that lower the temperature of their hot water systems.5* Other NTM (e.g., M. kansasii, M. gordonae, M.
fortuitum, and M. chelonae) cannot tolerate high temperatures and are found associated more often with cold water lines
and taps.®%

NTM have ahigh degree of resistance to chlorine; they can tolerate free chlorine concentrations of 0.05 - 0.2 mg/L (0.05 -
0.2 ppm) found at the tap.57® 510611 They are 20 - 100 times more resistant to chlorine compared to coliforms, and slow-
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growing strains of NTM appear to be more resistant to chorine inactivation compared to fast-growing NTM.%2  Slow-
growing NTM species (e.g., M. avium, M. kanasii) have also demonstrated some resistance to formaldehyde and
glutaraldehyde, which has posed problems for reuse of hemodialyzers.®® The ability of NTM to form biofilms at fluid-
surface interfaces (e.g., interior surfaces of water pipes) contributes to the organisms' resistance to chemical inactivation
and provides a microenvironment for growth and proliferation.!3 614

d. Cryptosporidiosis

Cryptosporidium parvum is a protozoan parasite that causes self-limiting gastroenteritisin normal hosts but can cause
severe, life-threatening disease in immunocompromised patients. First recognized as a human pathogen in 1976, C.
parvum can be present in natural and finished waters after fecal contamination from either human or animal sources.®'°-

The health risks associated with drinking potable water contaminated with small numbers of C. parvum oocysts are
unknown.®® |t remains to be determined if immunosuppressed persons are more susceptible to lower doses of oocysts
than are immunocompetent persons, or if strains of C. parvum vary in their infectious dose and their ability to cause
disease. One study demonstrated that a median 50% infectious dose (1Ds,) of 132 oocysts was sufficient to cause
infection among healthy volunteers.?° In asmall study population of 17 healthy adults with pre-existing antibody to C.
parvum, the | D, was determined to be 1,880 oocysts, more than 20-fold higher than in seronegative persons.®? These
data suggest that pre-existing immunity derived from previous exposures to Cryptosporidium offers some protection
from infection and ilIness that ordinarily would result from exposure to low numbers of oocysts.52 622

Oocysts, particularly those with thick walls, are environmentally resistant, but their survival in water is poorly
understood.®*® The prevalence of Cryptosporidiumin the United States drinking water supply is, however, notable.
Two surveys of approximately 300 surface water supplies reveaed that 55% - 77% of the water samples contained
Cryptosporidium oocysts.?% ¢ Because the oocysts are highly resistant to common disinfectants (e.g., chlorine) used to
treat drinking water, filtration of the water isimportant in reducing the risk of waterborne transmission. Coagulation-
floculation and sedimentation, when used with filtration, can collectively achieve approximately a 2.5 log,, reduction in
the number of oocysts.®> However, outbreaks have been associated with both filtered and unfiltered drinking water
systems (e.g., the 1993 outbreak in Milwaukee, Wisconsin, that affected 400,000 people).51 6%6-62  The presence of
oocystsin the water is not an absolute indicator that infection will occur when the water is consumed, nor does the
absence of detectable oocysts guarantee that infection will not happen. Healthcare-associated outbreaks of
cryptosporidiosis have been described primarily among groups of elderly patients and immunocompromised persons.6®

3. Water Systemsin Healthcare Facilities

a. Basic Components and Point-of-Use Fixtures

Treated municipal water comes into a healthcare facility viathe water mains and is distributed throughout the building(s)
by a network of pipes constructed of galvanized iron, copper, and polyvinylchloride (PVC). The pipe runs should be as
short as practical. Where recirculation is employed, the pipe runs should be insulated and long, dead legs avoided in
efforts to minimize the potential for water stagnation to occur which favors the proliferation of Legionella and NTM in
the system. In high-risk applications insulated recirculation loops should be incorporated as a design feature.

Each water service main, branch main, riser, and branch (to a group of fixtures) has a valve and a means to reach the
valves viaan access panel.’® Each fixture has a stop valve. Valves permit the isolation of a portion of the water system
within afacility during repairs or maintenance. Vacuum breakersin the lines prevent water from back-flowing into the
system.

Healthcare facilities generate hot water from mains water using a boiler system. Hot water heaters and storage vessels for
such systems should have a drainage facility at the lowest point and the heating element should be located as close as
possible to the bottom of the vessel to facilitate mixing and prevent water temperature stratification. Those hot or cold
water systems which incorporate an elevated holding tank should be inspected and cleaned annually. Lids should fit
closely to exclude foreign materials.

The most common point-of-use fixtures for water in patient-care areas are sinks, faucets, aerators, showers, and toilets;
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eye-wash stations are found primarily in laboratories. The potential for these fixtures to serve as areservoir for
pathogenic microorganisms has long been recognized (Table 20).4% 6%0- 632 \Wet surfaces and the production of aerosols
facilitate the multiplication of and dispersion of microbes. The level of risk associated with aerosol production from
point-of-use fixtures varies. Aerosols from shower heads and aerators have been linked to alimited number of clusters
of gram-negative bacterial colonizations and infections, including Legionnaires' disease, especially in areas where
immunocompromised patients are present (e.g., surgical intensive care units, transplant units, and oncology units).3%: 3%
632-6%5 |n one report, clinical infection was not evident among immunocompetent persons (e.g., hospital staff) who used
hospital showerswhen L. pneumophila was present in the water system.5®®  Given the infrequency of reported
outbreaks associated with faucet aerators, expert opinion on the removal of these devices from general use is mixed. If
additional clusters of infections or colonizations occur in high-risk patient-care areas, then it may be prudent to clean and
decontaminate the aerators or remove them.84 6% ASHRAE recommends cleaning and monthly disinfection of aerators
in high-risk patient-care areas as part of Legionella control measures.” Although aerosols are produced with toilet
flushing,%% 5 there is no epidemiologic evidence to suggest that these agrosols pose a direct infection hazard.

Although not considered a standard point-of-use fixture, decorative fountains are increasingly being installed in
healthcare facilities and other public buildings. Aerosols from a decorative fountain in a hotel lobby transmitted L.
pneumophila serogroup 1 infection to a small cluster of older adults.5* The fountain had been irregularly maintained,
and water in the fountain may have been heated by submersed lighting, all of which favored the proliferation of
Legionella in the system.5® Because of the potential for generations of infectious aerosols, a prudent prevention
measure isto avoid locating these fixturesin or near high-risk patient-care areas and to adhere to written policies for
routine maintenance of fountains that are installed.
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Table 20. Water and Point-of-Use Fixtures as Sour ces and Reservoirs of Water borne Pathogens*

Reservoir Associated Transmission Strength of Prevention and Control References
Pathogen(s) Evidence’
Potable water Pseudomonas, Contact Moderate Follow public health (SeeTables 17 -
NTM guidelines. 19)

Potable water Legionella Aerosol inhalation Moderate Provide supplemental (See Table 16)
treatment for water.

Holy water Gram-negative bacteria Contact Low Avoid contact with severeburn | 641
injuries. Minimize use among
immunocompromised patients.

Diaysiswater Gram-negative bacteria Contact Moderate Dialysate should be 2, 505,
<2000 CFU/mL; 642 - 644
Water should be
<200 CFU/mL.

Water baths Pseudomonas, Contact Moderate Add germicide to the water; 29, 511, 645,

Burkholderia, wrap transfusion productsin 646
Acinetobacter protective plastic wrap if using
the bath to modul ate the
temperature of these products.
Tub immersion Pseudomonas, Contact Moderate Drain and disinfect tub after 647 - 652
Enterobacter, each use; consider adding
Acinetobacter germicide to the water; water
in large hydrotherapy pools
should be properly disinfected
and filtered.
Ice and ice machines NTM, Enterobacter, Ingestion, contact Moderate Clean periodically; use 579, 653 - 656
Pseudomonas, automatic dispenser (avoid
Cryptosporidium, open chest storage
Legionella compartmentsin patient
Low areas).

Faucet aerators Legionella Aerosol inhalation Moderate Clean and disinfect monthly; 396, 637
consider removing if
additional infections occur.

Faucet aerators Pseudomonas, Contact, droplet Low No precautions are necessary 634, 635, 657

Acinetobacter, at presentin
Stenotrophomonas immunocompetent patient care
areas.

Sinks Pseudomonas Contact, droplet Moderate Use separate sinks for 489, 629, 657 -
handwashing and disposal of 661
contaminated fluids.

Showers Legionella Aerosol inhalation Low Provide sponge baths for 632
HSCT patients; Avoid shower
usein immunocompromised
patient-care areas when
Legionellaisdetected in
facility water.

Dental unit water Pseudomonas, Contact Low Clean water systems according | 613, 662 - 664

lines Legionella, to system manufacturer’'s

Sphingomonas, instructions.
Acinetobacter

Ice bathsfor Ewingella, Contact Low Use sterile water. 665, 666

thermodilution Staphylococcus

catheters

(Continued next page)




Table 20 (continued). Water and Point-of-Use Fixtures

Reservoir Associated Transmission Strength of Evidence® Prevention and References
Pathogen(s) Control
Decorative fountains Legionella Aerosol inhalation Low Perform regular 640

maintenance, water
disinfection; avoid use
in or near high-risk
patient-care areas.

Eyewash stations Pseudomonas, Contact Low Flush eyewash stations 498, 667, 668
Amoebae weekly; have sterile
Legionella Minimum water availablefor eye
flushes.
Toilets Gram-negative bacteria - Minimum Clean regularly; use 638
good hand hygiene.
Flowers Gram-negative bacteria, - Minimum AvoidinICUsandin 495, 669, 670
Aspergillus immunocompromised

patient-care settings.

a. Modified from reference 630. Used with permission of the publisher.
b. Moderate: occasional well-described outbreaks. L ow: few well-described outbreaks. Minimum: actual infections not demonstrated.

b. Water Temperature and Pressure

Hot water temperature is usually measured at the point of use or at the point at which the water line enters equipment
requiring hot water for proper operation.’®® Generally the hot water temperature in patient-care areas is no greater than
43°C (110°F),'* and many states have adopted this temperature setting into their healthcare regulations and building
codes. ASHRAE, however, has recommended higher settings.*”  Steam jets or booster heaters are usually needed to
meet the hot water temperature requirements in service areas of the hospital such as the kitchen (49°C [120°F]) or the
laundry (71°C [160°F]).1° Additionally, there may be other needs for water lines running a particular temperature
specified by manufacturers of specific hospital equipment. Hot-water distribution systems serving patient-care areas are
generally operated under constant recirculation to provide continuous hot water at each hot water outlet.' If afacility
isor has ahemodialysis unit, then continuously circulated, cold treated water is provided to that unit.'2

To minimize the growth and persistence of gram-negative waterborne bacteria (e.g., thermophilic NTM, Legionella
spp.),%0t 671-677 cold water in healthcare facilities should be stored and distributed at temperatures below 20°C (68°F); hot
water should be stored above 60°C (140°F) and circulated with a minimum return temperature of 51°C (124°F),%%" or the
highest temperature specified in state regulations and building codes. If the temperature setting of 51°C (124°F) is
permitted, then installation of preset thermostatic mixing valves can help to prevent scalding. New shower systemsin
large buildings, hospitals, and nursing homes should be designed to permit mixing of hot and cold water near the shower
head. The warm water section of pipe between the control valve and shower head should be self-draining. Where
buildings cannot be retrofitted, other approaches to minimize the growth of Legionella spp. include periodically
increasing the temperature to at least 66°C (150°F) at the point of use (i.e., faucets) or chlorinating followed by flushing
the water.53"-678.67° - Systems should be inspected annually to ensure that thermostats are functioning properly.

Adequate water pressure ensures sufficient water supplies for: 1) direct patient care; 2) operation of water-cooled
instruments and equipment [e.g., lasers, computer systems, tel ecommunications systems, automated endoscope
reprocessors®®’]; 3) proper function of vacuum suctioning systems; 4) indoor climate control; and 5) fire protection
systems. Maintaining adequate pressure also helps to insure the integrity of the piping system.

c. Infection Control Impact of Water System Maintenance and Repair

Corrective measures for water system failures have not been studied in well-designed experiments, but rather are based
on empiric engineering and infection control principles.

Healthcare facilities can occasionally sustain intentional cut-offs by the municipal water authority to permit new
construction project tie-ins and unintentional breaks in service when awater main breaks due to aging infrastructure or a
construction accident. Vacuum breakers or other similar devices can prevent backflow of water in the facility’s
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distribution system during water-disruption emergencies.'! To be prepared for such an emergency, all healthcare
facilities need contingency plans that identify: 1) the total demand for potable water; 2) the quantity of replacement water
(e.g., bottled water) required for a minimum of 24 hours when the water system is down; 3) mechanisms for emergency
water distribution; and 4) procedures for correcting drops in water pressure that affect operation of essential devices and
equipment that are driven or cooled by a water system.

Detailed current plans for hot and cold water piping systems should be readily available for maintenance and repair
purposes in case of system problems. Opening potable water systemsfor repair or construction and subjecting systems
to water-pressure changes can result in water discoloration and dramatic increases in the concentrations of Legionella
spp. and other gram-negative bacteria. The maintenance of a chlorine residual at all points within the piping system aso
offers some protection from entry of contamination to the pipes in the event of an inadvertent cross-connection between
potable and non-potable water lines. As aminimum preventive measure, ASHRAE recommends a thorough flushing of
the system.®¥” High-temperature flushing or chlorination may also be appropriate strategies to decrease potentially high
concentrations of waterborne organisms. The decision to pursue either of these remediation strategies, however, should
be made on a case-by-case basis. If only aportion of the system isinvolved, high temperature flushing or chlorination
may be used on only that portion of the system.”

When shock decontamination of hot water systemsis necessary (e.g., after disruption due to construction, cross-
connections), the hot water temperature should be raised to 71°C - 77°C (160°F - 170°F) and maintained at that level
while progressively flushing each outlet around the system. A minimum flush time of 5 minutes has been
recommended;® the optimal flush timeis not known, however, and longer flush times may be necessary.®! The
number of outlets that can be flushed simultaneously depends on the capacity of the water heater and the flow capability
of the system. Appropriate safety procedures to prevent scalding are essential. When possible, flushing should be
performed when the fewest building occupants are present (e.g., nights and weekends).

When thermal shock treatment is not possible, shock chlorination may provide an alternative.?” Experience with this
method of decontamination is limited, however, and high levels of free chlorine can corrode metals. Chlorine should be
added, preferably overnight, to achieve afree chlorine residual of at least 2 mg/L (2 ppm) throughout the system.®

This may require chlorination of the water heater or tank to levels of 20 - 50 mg/L (20 - 50 ppm). The pH of the water
should be maintained between 7.0 and 8.0.5%” After completion of the decontamination, recolonization of the hot water
system is likely to occur unless proper temperatures are maintained or a procedure such as continuous supplemental
chlorination is continued.

Interruptions of the water supply and sewage spills are situations which require immediate recovery and remediation
measures to assure the health and safety of patients and staff.2 When delivery of potable water through the municipal
distribution system has been disrupted, the public water supplier must issue a “ boil water” advisory if microbial
contamination presents an immediate public health risk to customers. The hospital engineer should oversee the
restoration of the water system in the facility and clear it for use when appropriate to do so. Hospitals must maintain a
high level of surveillance for waterborne disease among patients and staff after the advisory is lifted.5°

Flooding from either external (e.g., from a hurricane) or internal sources (e.g., a water system break) usually resultsin
property damage and a temporary loss of water and sanitation. % - 685

The JCAHO requires al hospitals have plans which address facility response for recovery from both internal and
external disasters.®® The plans are required to address: 1) general emergency preparedness; 2) staffing; 3) regional
planning among area hospitals; 4) emergency supply of potable water; 5) infection control and medical services needs; 6)
climate control; and 7) remediation. The basic principles of structural recovery from flooding are similar to those for
recovery from sewage contamination. Tables 21 - 23 summarize actions that will help to restore facility function and
operations after water disruptions, sewage spills, and flooding. Medical records should be allowed to dry, and either
photocopied or placed in plastic covers before returning them to the record. Moisture meters can be used to assess
water-damaged structural materials.
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Table 21. Recovery and Remediation Measures for Water-Related Emer gencies®3 - 6%

Potable Water Disruptions

Contingency plan items:
O Ensure access to plumbing network so that repairs can be made.
O Provide sufficient potable water, either from bottled sources or truck delivery.
O Post advisory notices against consuming tap water, ice, or beverages made with water.
O Rinse raw foods as needed in disinfected water.
Water treatment:
O Heat water to arolling boil for 1 minute.
Remediation of the water system after the “boil water” advisory isrescinded:
O Flush fixtures (e.g., faucets, drinking fountains) and equipment for several minutes and restart.
O Run water softeners through a regeneration cycle.
O Drain, disinfect, and refill water storage tanks if needed.
O Change pre-treatment filters and disinfect the dialysis water system.

Sewage Spills/ Malfunction

Overall strategy:
O Move patients and clean/sterile supplies out of the area.
O Redirect traffic away from the area.
O Close the doors or use plastic sheeting to isolate the area prior to clean-up.
O Restore sewage system function first, then the potable water system (if both are malfunctioning).
O Remove sewage solids, drain the area, let dry, then clean with a detergent/disinfectant.
Remediation of the structure:
O Hard surfaces - drain and dry the area, then clean with a detergent/disinfectant.
O Carpeting, loose tiles, buckled flooring - remove and allow the support surface to dry; replace the items; wet
down carpeting with alow-level disinfectant prior to removal.
O Wallboard and other porous structural materials - remove and replace if they cannot be cleaned and dried
within 72 hours.
Furniture:
O Hard surface furniture (i.e., metal, plastic) - clean and allow to dry.
O Wood furniture - let dry, sand the wood surface, and reapply varnish.
O Cloth furniture - replace.
Electrical equipment:
O Replace if the item cannot be easily dismantled, cleaned, and reassembled.

An exception to these recommendations is made for hemodialysis units where water is further

treated either by portable water treatment or large-scale water treatment systems usually involving reverse osmosis (RO).
In the United States, greater than 98% of dialysis facilities use RO treatment for their water.®” It may be prudent,
however, to change out pre-treatment filters and disinfect the system to prevent colonization of the RO membrane and
microbia contamination down-stream of the pre-treatment filter.

49



Table 22. Contingency Planning - Flooding®3- 8

General emergency preparedness:
O Ensure that emergency electrical generators are not located in flood-prone areas of the facility.
O Develop alternative strategies for moving patients, water containers, medical records, equipment, supplies, etc. if the
elevators are inoperable.
O Establish in advance a centralized base of operations with batteries, flashlights, cellular phones.
O Ensure sufficient supplies of sandbags to sandbag the entrances and the area around boilers, incinerators, and generators.
O Establish alternative strategies for bringing core employees to the facility if high water preventstravel.
Staffing patterns:
O Temporarily reassign licensed staff as needed to critical care areasto provide manual ventilation and to perform vital
assessments on patients.
O Designate a core group of employees to remain on site to keep all services operational if the facility remains open.
O Train al employeesin emergency preparedness procedures.
Regional planning among area facilitiesfor disaster managment:
O Incorporate community support and involvement (e.g., media alerts, news, transportation).
O Develop in advance strategies for transferring patients as needed.
O Develop strategies for sharing supplies and providing essential services among participating facilities (e.g., central sterile
department services, laundry).
O Identify sources for emergency provisions (e.g., blood, emergency vehicles, bottled water).
Medical servicesand infection control:
O Use waterless hand sanitizersin general patient-care areas.
O Postpone elective surgeries until full services are restored, or transfer these patients to other facilities.
O Consider using portable dialysis machines (water demand is less).
O Provide an adequate supply of tetanus and hepatitis A immunizations for patients and staff.
Climate control:
O Provide adequate water for cooli ng towers (may need to truck in, especially if the tower uses potable water).

Table 23. Water Demand in Healthcar e Facilities During Water Disruption Emergencies

Potable Water

Drinking water

Handwashing

Cafeteria services

Ice

Manual flushing of toilets

Patient baths, hygiene

Hemodialysis

Hydrotherapy

Fire prevention (e.g., sprinkler systems)
Surgery and critical care areas
Laboratory services

Laundry and central sterile departments (if these services cannot be arranged for elsewhere)
Cooling towers?

Bottled, Sterile Water

Surgical scrub

Emergency surgical procedures

Pharmaceutical preparations

Patient-care equipment (e.g., ventilators, nebulizers) if electrical power is available

a. Some cooling towers may use a potable water source, but most units use non-potable water
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4. Strategiesfor Controlling Waterborne Micraobial Contamination

a. Supplemental Treatment of Water with Heat and/or Chemicals

In addition to using supplemental treatment methods as remediation measures after inadvertent contamination of water
systems, healthcare facilities sometimes use special measures to control waterborne microorganisms on a sustained basis.
This decision is most often associated with outbreaks of legionellosis and subsequent efforts to control |egionellae,%8
although some facilities have tried supplemental measures to better control thermophilic NTM. 5%

The primary disinfectant for both cold and hot water systemsis chlorine. However, chlorine residuals are expected to be
low, and possibly nonexistent, in hot water tanks due to extended retention time in the tank and elevated water
temperature. Flushing, especially that which removes sludge from the bottom of the tank, probably provides the most
effective treatment of water systems. Unlike the situation for disinfecting cooling towers, there are no equivalent
recommendations for potable water systems, although specific intervention strategies have been published.®® %° The
principal approaches to disinfection of potable systems are heat flushing using temperatures 71°C - 77°C (160°F -
170°F), hyperchlorination, and physical cleaning of hot water tanks. 387 Potable systems are easily recolonized and
may require continuous intervention such as raising of hot water temperatures or continuous chlorination.3 67

Some hospitals with hot water systems identified as the source of Legionella spp. have decontaminated their systems by
pulse (one-time) thermal disinfection/superheating and hyperchlorination.57: 1. 6%0. 691 After either of these procedures,
hospitals either maintain their hot water at >51°C (>124°F) or <20°C (<68°F) at the tap or chlorinate their hot water to
achieve 1-2 mg/L (1-2 ppm) of free residual chlorine at the tap.25 4% 677- 679,692,653 A dditional measures (e.g., physical
cleaning or replacement of hot-water storage tanks, water heaters, faucets, and showerheads) may be required to help
eliminate accumulations of scale and sediment that protect organisms from the biocidal effects of heat and chlorine.®%
67 Alternative methods for controlling and eradicating legionellae in water systems (e.g., treating water with ozone, UV
light, heavy metal ions[i.e., copper/silver ions]) have limited the growth of legionellae under laboratory and/or
operating conditions.®®- 7% However, results from a recent study suggest that |legionellae devel op tolerance to
copper/silver ion treatment during extended application (>4 years);® further studies on the long-term efficacy of these
treatments are needed, however, before they can be considered standard precautions.

Renewed interest in the use of chloramines stems from concerns about adverse health effects associated with
disinfectants and disinfection by-products.””” M onochloramine usage minimizes the formation of disinfection by-
products, including trihalomethanes and haloacetic acids. Monochloramines can also reach distal points in a water
system and can penetrate into bacterial biofilms more effectively than free chlorine.”® It should be noted that
monochloramine use is limited to municipal water treatment plants and is currently not available to healthcare facilities as
a supplemental water treatment approach. A recent study indicated that 90% of Legionnaires disease outbreaks
associated with drinking water could have been prevented if monochloramine rather than free chlorine was used for
residual disinfection.” |n aretrospective comparison of healthcare-associated Legionnaires' disease incidencein
Central Texas hospitals, the same research group documented an absence of casesin facilities located in communities
with monochloramine-treated municipal water.”°

Additional filtration of potable water systemsis not routinely necessary. Filters are used in water linesin dialysis units,
however, and may be inserted into the lines for specific equipment (e.g., endoscope washer/disinfectors) for the purpose
of providing bacteria-free water for instrument reprocessing. Additionally, areverse osmosis (RO) unit is usually added
to the distribution system leading to PE aress.

b. Primary Prevention of Legionnaires Disease (No Cases |dentified)

The primary and secondary environmental infection control strategies described below pertain to healthcare facilities
without transplant. Infection control measures specific to PE or transplant units (patient-care areas housing patients at
the highest risk for morbidity and mortality due to Legionella spp. infection) are described in the subsection entitled
“Preventing Legionnaires’ Disease in Protective Environments.”

Healthcare facilities use at least two general strategiesto prevent healthcare-associated |egionellosis when no cases or
only sporadic cases have been detected. Thefirst is an environmental surveillance approach, with periodic culturing of
water samples from the hospital’ s potable water system to monitor for Legionella spp.-"4 If any sampleis culture-
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positive, diagnostic testing is recommended for all patients with healthcare-associated pneumonia.”? 3 |n-house testing
isrecommended for facilities with transplant programs. If >30% of the samples are culture-positive for Legionella spp.,
decontamination of the facility’ s potable water system is recommended.”? The premise for this approach is that no
cases of healthcare-associated legionellosis can occur if Legionella spp. are not present in the potable water system, and,
conversely, cases of healthcare-associated legionellosis could potentialy occur if Legionella spp. are cultured from the
water.?> 15 Physicians informed that the hospital’ s potable water system is culture-positive for Legionella spp. are more
likely to order diagnostic tests for legionellosis.

A potential advantage of the environmental surveillance approach is that periodic culturing of water is less costly than
routine laboratory diagnostic testing for all patients who have healthcare-associated pneumonia. The main argument
against this approach is that, in the absence of cases, the relationship between water culture results and legionellosis risk
remains undefined.® Legionnella spp. can be present in the water systems of buildings,”® often without being
associated with known cases of disease.* 6777 |n astudy of 84 hospitals in Québec, 68% of the water systems were
found to be colonized with Legionella spp., and 26% were colonized at greater than 30% of sites sampled; cases of
Legionnaires' disease, however, were infrequently reported from these hospitals.6

Other factors also argue against environmental surveillance. Interpretation of results from periodic water culturing might
be confounded by differing results among the sites sampled in a single water system and by fluctuationsin the
concentration of Legionella spp. at the same site.5- 8 |n addition, the risk for illness after exposure to a given source
might be influenced by a number of factors other than the presence or concentration of organisms; these factors include:
1) the degree to which contaminated water is aerosolized into respirable droplets; 2) the proximity of the infectious
aerosol to the potential host; 3) the susceptibility of the host; and 4) the virulence properties of the contaminating
strain.®- 72! Thus, data are insufficient to assign alevel of disease risk even on the basis of the number of
colony-forming units detected in samples from areas for immunocompetent patients. Conducting environmental
surveillance would obligate hospital administrators to initiate water-decontamination programs if Legionella spp. are
identified. Because of these problems, periodic monitoring of water from the hospital's potable water system and from
aerosol-producing devices is not widely recommended in facilities that have not experienced cases of healthcare-
associated legionellosis.®" 722

The second strategy to prevent and control healthcare-associated legionellosisis a clinical approach in which providers
maintain a high index of suspicion for legionellosis and order appropriate diagnostic tests (i.e., culture, urine antigen,
direct fluorescent antibody [DFA] serology) for patients with healthcare-associated pneumonia who are at high risk for
legionellosis and its complications.*3 723 724 Testing autopsy specimens can be included in this strategy should a death
due to healthcare-associated pneumonia occur. Identification of one case of definite or two cases of possible healthcare-
associated Legionnaires' disease prompts an epidemiologic investigation for a hospital source of Legionella spp. This
may involve culturing the facility’ s water for Legionella spp. Routine maintenance of cooling towers and using only
sterile water for the filling and terminal rinsing of nebulization devices and ventilation equipment help to minimize
potential sources of contamination.

c. Secondary Prevention of Legionnaires Disease (With Identified Cases)

The indications for a full-scale environmental investigation to search for and subsequently decontaminate identified
sources of Legionella spp. in healthcare facilities without transplant units have not been clarified, and these indications
probably differ depending on the facility. Case categories for healthcare-associated Legionnaires diseasein facilities
without transplant units include definite cases (i.e., laboratory-confirmed cases of legionellosis that occur in patients who
have been hospitalized continuoudly for >10 days before the onset of illness) and possible cases (i.e., laboratory-
confirmed infections that occur 2 - 9 days after hospital admission).® In settingsin which asfew as 1 - 3 healthcare-
associated cases are recognized over several months, intensified surveillance for Legionnaires' disease has frequently
identified numerous additional cases,38 391.3%4.4%0. 705,723 Thjs finding suggests the need for alow threshold for initiating
an investigation after laboratory confirmation of cases of healthcare-associated legionellosis. When developing a strategy
for responding to such an identification, however, infection control personnel should consider the level of risk for
healthcare-associated acquisition of, and mortality from, Legionella spp. infection at their particular facility.

An epidemiologic investigation conducted to determine the source of Legionella spp. involves several important steps
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(Table 24). Laboratory assistance isimportant in supporting epidemiologic evidence of alink between human illness
and a specific environmental source.”® Strain determination from subtype analysisis most frequently used in these
investigations.> 726728 Once the environmental source is established and confirmed with laboratory support,
supplemental water treatment strategies can be initiated as appropriate.

Table24. Stepsin an Epidemiologiclnvestigation for Legionellosis

Review medical and microbiologic records.
Initiate active surveillance to identify all recent or ongoing cases.
Develop alinelisting of cases by time, place, and person.
Determine the type of epidemiologic investigation needed for assessing risk factors.
- Case-control study
- Cohort study
Gather and analyze epidemiol ogic information.
- Risk factors among potential environmental exposures (e.g., showers, cooling towers, respiratory-therapy
equipment, etc.)
Collect water samples.
- From environmental sourcesimplicated by epidemiologic investigation
- Other agrosolized water sources
Subtype strains of Legionella spp. cultured from both patients and environmental sources.
Review autopsy records and include autopsy specimens in diagnostic testing.

o) OO0 O

o

0 O

The decision to search for hospital environmental sources of Legionella spp. and the choice of procedures to eradicate
such contamination are based on several considerations: 1) the hospital’s patient population; 2) the cost of an
environmental investigation and institution of control measures to eradicate Legionella spp. from the water supply;2 7%
and 3) the differential risk, based on host factors, for acquiring healthcare-associated |egionellosis and developing severe
and fatal infection.

d. Preventing Legionnaires Disease in Protective Environments

This subsection outlines infection control measures applicable to those healthcare facilities providing care to severely
neutropenic patients, as indigenous microorganisms in the tap water of these facilities may pose problems for such
patients. These measures, summarized in Table 25, are designed to prevent the generation of potentially infectious
aerosols from water and the subsequent exposure of PE patients or other immunocompromised patients (e.g., transplant
patients). Infection control measures that address the use of water with medical equipment such as ventilators,
nebulizers, and equipment humidifiers are described in other guidelines.®

When one case of |aboratory-confirmed, healthcare-associated Legionnaires’ disease isidentified in apatient in PE (i.e,,
an inpatient in PE for all or part of the 2 - 10 days prior to onset of illness), or if two or more cases of laboratory-
confirmed cases occur among patients who had visited an outpatient PE setting, the hospital should report the cases to
the local and state health departments and initiate a thorough epidemiologic and environmental investigation to determine
the likely environmental sources of Legionella spp.® The source of Legionella should be decontaminated or removed.
Isolated cases may be difficult to investigate. Because transplant recipients are at much higher risk for disease and death
from legionellosis compared to most other hospitalized patients, periodic culturing for Legionella spp. in water samples
from the PE unit’ s potable water supply may be considered as part of an overall strategy to prevent Legionnaires disease
in PE units.®“® The optimal methodology (i.e., frequency, number of sites) for environmental surveillance culturesin
PE units has not been determined, and the cost-effectiveness of this strategy has not been evaluated. Because transplant
recipients are at high risk of Legionnaires’ disease and there are no data to determine a safe concentration of legionellae
organismsin potable water, the goal, if environmental surveillance for Legionella spp. is undertaken, should beto
maintain water systems with no detectable organisms.® 4 Culturing for legionellae may be used to assess the
effectiveness of water treatment or decontamination methods, which provides a benefit to both patients and healthcare
workers.™!
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Table25. Additional Measuresto Prevent Exposure of High-Risk Patientsto Water bor ne Pathogens

Reference(s)
1. Redtrict patients from taking showers if water is contaminated with Legionella spp. 393, 411, 630, 631,
634
2. Usewater which is not contaminated with Legionella spp. for patient sponge baths. 9
3. Provide sterile water for drinking, tooth brushing, or for flushing nasogastric tubes. 9,411
4. Perform supplemental trestment of the water for the unit. 698
5. Consider periodic monitoring (culturing) of the unit water supply for Legionella spp. 9,430
6. Remove shower heads and faucet aerators monthly for cleaning. 637
7. Usea 1:100 solution of chlorine bleach to disinfect shower heads and aerators. 637
8. Do not use large-volume room air humidifiersthat create aerosols unlessthese are 3
subjected to high-level disinfection daily and filled with sterile water.
9. Eliminate water-containing bath toys (associated with Pseudomonas). 30

Protecting patient-care devices and instruments from inadvertent tap water contamination during room cleaning
procedures is al'so important in any immunocompromised patient care area. In arecent outbreak of gram-negative
bacteremias among open-heart-surgery patients, pressure-monitoring equipment which was assembled and | eft
uncovered overnight prior to the next day’s surgeries was inadvertently contaminated with mists and splashing water
from a hose-disinfectant system used for cleaning.”?

5. Cooling Towers and Evaporative Condensers

Modern healthcare facilities maintain indoor climate control during the summer by use of cooling towers for large
facilities or evaporative condensers for smaller buildings. A cooling tower is a wet-type, evaporative heat transfer device
used to discharge to the atmosphere waste heat from a building’s air conditioning condensers (Figure 5).%* 7% Warm
water from air-conditioning condensers is piped to the cooling tower where it is sprayed downward into a counter- or
cross-current air flow. To accelerate heat transfer to the air, the water passes over the fill, which either breaks water into
droplets or causes it to spread into athin film.”™* 734 Most systems use fans to move air through the tower, although
some large industrial cooling towers rely on natural draft circulation of air. The cooled water from the tower is piped
back to the condenser where it again picks up heat generated during the process of chilling the system’ srefrigerant. The
water is cycled back to the cooling tower to be cooled. Closed-circuit cooling towers and evaporative condensers are
also evaporative heat transfer devices. In these systems, the process fluid (i.e., aliquid such as water, ethylene
glycol/water mixture, oil, etc. or a condensing refrigerant) does not directly contact the cooling air, but is contained
inside a coil assembly.5¥”

54



Figure 5. Diagram of a Typical Air Conditioning (Induced Draft) Cooling Tower.?
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Water temperatures are approximate and may differ substantially according to system use and
design. Warm water from the condenser (or chiller) is sprayed downward into a counter- or
cross-current air flow. Water passes over the fill (a component of the system designed to
increase the surface area of the water exposed to air), and heat from the water is transferred
to the air. Some of the water becomes aerosolized during this process, although the volume of
aerosol discharged to the air can be reduced by the placement of a drift eliminator. Water
cooled in the tower returns to the heat source to cool refrigerant from the air conditioning unit.
[Used with permission of the publisher (reference 734)]

Cooling towers and evaporative condensers incorporate inertial stripping devices called drift eliminators to remove water
droplets generated within the unit. While the effectiveness of these eliminators varies significantly based on their design
and condition, some water dropletsin the size range of <5 um will likely leave the unit, and some larger droplets leaving
the unit may be reduced to <5 pm by evaporation. Thus, even with proper operation, a cooling tower or evaporative
condenser can generate and expel respirable water aerosols. If either the water in the unit’s basin or the make-up water
(added to replace water lost to evaporation) contains Legionella spp. or other waterborne microorganisms, these
organisms can be aerosolized and dispersed from the unit.”® Clusters of both Legionnaires disease and Pontiac fever
have been traced to exposure to infectious water aerosols originating from cooling towers and evaporative condensers
contaminated with Legionella spp. Although the majority of these outbreaks have been community-acquired episodes
of pneumonia, -7 there have been instances of healthcare-associated Legionnaires disease linked to cooling tower
aerosol exposure.®® 31 Contaminated aerosols from cooling towers on hospital premises gained entry to the buildings
either through open windows or via air handling system intakes located near the tower equipment.

Cooling towers and evaporative condensers provide ideal ecological niches for Legionella spp. The typical temperature
of the water in cooling towers ranges from 29°C - 35°C (85°F - 95°F), athough temperatures can be above 49°C (120°F)
and below 21°C (70°F) depending on system heat load, ambient temperature and operating strategy.®” An Australian
study of cooling towers found that legionellae colonized or multiplied in towers with basin temperatures above 16°C
(60.8°F), and multiplication became explosive at temperatures above 23°C (73.4°F).”* Water temperature in closed
circuit cooling towers and evaporative condensers is similar to that in cooling towers. Considerable variation in the
piping arrangement occurs. Stagnant areas or dead legs may be difficult to clean or penetrate with biocides.

Several documents address the routine maintenance of cooling towers, evaporative condensers, and whirlpool spas.®” 7
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-8 They suggest following manufacturer's recommendations for cleaning and biocide treatment of these devices; all
healthcare facilities should provide proper maintenance for their cooling towers and evaporative condensers, even in the
absence of Legionella spp. A general protocol for cleaning cooling towersis given in Appendix C. Since cooling
towers and evaporative condensers may be shut down during periods when air conditioning is not needed, it is important
to perform this maintenance cleaning and treatment before starting up the system for the first time in the season.™?
Emergency decontamination protocols describing cleaning procedures and hyperchlorination for cooling towers have
been developed for towers implicated in the transmission of legionellosis.™" 74

6. DialysisWater Quality and Dialysate

a. Rationale for Water Treatment in Hemodialysis

Hemodialysis, hemofiltration, and hemodiafiltration require special water treatment processes to prevent adverse patient
outcomes of dialysis therapy due to improper formulation of dialysate with water containing high levels of certain
chemical or biological contaminants. The Association for the Advancement of Medical Instrumentation (AAMI) has
established chemical and microbiologic standards for the water used to prepare diaysate, substitution fluid, or to
reprocess hemodialyzers for renal replacement therapy.™°-7? The AAMI standards address: 1) equipment and
processes used to purify water for the preparation of concentrates and dialysate, and the reprocessing of dialyzers for
multiple use; and 2) the devices used to store and distribute this water. Future revisions to these standards may include
hemofiltration and hemodiafiltration.

Water treatment systems used in hemodialysis use several physical and/or chemical processes either singly or in
combination. A schematic diagram of basic water treatment componentsin dialysisis given in Figure 6. These systems
may be portable units or large systems which feed several rooms. In the United States, more than 97% of maintenance
hemodialysis facilities use reverse osmosis (RO) alone or in combination with deionization.”™ Many acute-care facilities
use portable hemodialysis machines with attached portable water treatment systems that use either deionization or RO.
These machines were exempted from earlier versions of AAMI recommendations, but given current knowledge about
toxic exposures to and inflammatory processes in patients new to dialysis, these should now come into compliance with
current AAMI recommendations for hemodialysis water and dialysate quality.”*™°  Previous recommendations had
been based on the assumption that acute-care patients did not experience the same degree of adverse effects from short-
term, cumulative exposures to either chemicals or microbiologic agents present in hemodialysis fluids, compared to the
risks encountered by patients during chronic, maintenance dialysis.” ™° Additionally, the JCAHO is now reviewing
inpatient dialysis (acute and maintenance) for compliance with the AAMI standards and recommended practices.

Figure 6. Dialysis Water Treatment System
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Neither the water used to prepare dialysate nor the dialysate itself needs to be sterile, but tap water cannot be used
without additional treatment. Infections due to rapid-growing NTM (e.g., Mycobacterium chelonae, M. abscessus)
present a potential risk to hemodialysis patients, especially those in hemodialyzer reuse programs, if disinfection
procedures to inactivate mycobacteriain the water (low-level disinfection) and the hemaodialyzers (high-level
disinfection) are inadequate.3 32 61° QOther factors relating to microbial contamination in dialysis systems could involve
the water treatment system, the water and dialysate distribution systems, and in some cases, the type of hemodialyzer.®*>
643, 754759 Understanding the various factors and their influence on contamination levelsis the key to preventing high
levels of microbial contamination in dialysis therapy.

In several studies, pyrogenic reactions were shown to be caused by lipopolysaccharide or endotoxin associated with
gram-negative bacteria.™* 0~ 763 Early studies demonstrated that parenteral exposure to endotoxin at a concentration of
1 ng/kg body weight/hour was the threshold dose for producing pyrogenic reactions in humans, and that the relative
potencies of endotoxin differ by bacterial species.”® 7% Gram-negative water bacteria (e.g., Pseudomonas spp.) have
been shown to multiply rapidly in avariety of hospital-associated fluids that can be used as supply water for
hemodialysis (e.g., distilled water, deionized water, RO water, softened water) and in dialysate (a balanced salt solution
made with this water).” Several studies have demonstrated that the attack rates of pyrogenic reactions are related
directly to the number of bacteriain dialysate.*> %% 767 These studies provided the rationale for setting the heterotrophic
bacteria standards in the first AAMI hemodialysis guideline at #2,000 colony forming units per milliliter (CFU/mL) in
dialysate and one log lower (#200 CFU/mL) for the water used to prepare dialysate.®** ™ If the level of bacterial
contamination exceeded 200 CFU/mL in water, this level could be amplified in the system and effectively constitute a
high inoculum for dialysate at the start of a dialysis treatment.”” 7%  Pyrogenic reactions did not appear to occur when
the level of contamination was below 2,000 CFU/mL in dialysate unless the source of the endotoxin was exogenous to
the dialysis system (i.e., present in the community water supply). Endotoxinsin a community water supply have been
linked to the development of pyrogenic reactions among dialysis patients.™

The issue as to whether endotoxin actually crosses the dialyzer membrane is controversial. Several investigators have
shown that bacteria, growing in dialysate, generated products that could cross the dialysis membrane.” 7°  Gram-
negative bacteria growing in dialysate have been shown to produce endotoxins that in turn stimulated the production of
anti-endotoxin antibodies in hemodialysis patients.” 7*  These data suggest that bacterial endotoxins, although
relatively large molecules, do indeed cross dialysis membranes, either intact or as fragments. The use of the very
permeable membranes known as high-flux membranes (which allow large molecules [e.g., $2 microglobulin] to traverse
the membrane) increases the potential for passage of endotoxins into the blood path. Several studies support this
contention. In one such study, an increase in plasma endotoxin concentrations during dialysis was observed when
patients were dialyzed against dialysate containing 10° - 10* CFU/mL Pseudomonas spp.”” In vitro studies using both
radiolabeled lipopolysaccharide and biological assays have demonstrated that biologically active substances derived from
bacteriafound in dialysate can cross a variety of dialysis membranes.”? 73~ 776 Patients treated with high-flux
membranes are reported to have higher levels of anti-endotoxin antibodies than normal subjects or patients treated with
conventional membranes.””” Finally, since 1989, 19% - 22% of dialysis centers have reported pyrogenic reactionsin the
absence of septicemia.””® 7"®

Investigations of adverse outcomes among patients using reprocessed dialyzers demonstrated a greater risk of developing
pyrogenic reactions when the water used to reprocess these devices contained > 6 ng/mL endotoxin and > 10* CFU/mL
bacteria.”® In addition to the variability in endotoxin assays, there are also host factors involved in determining whether
apatient will mount a response to endotoxin.”® Outbreak investigations of pyrogenic reactions and bacteremias
associated with hemodialyzer reuse have demonstrated that pyrogenic reactions are prevented once the endotoxin level in
the water used to reprocess the dialyzersis returned to below the AAMI standard level .78

Reuse of dialyzers, use of bicarbonate dialysate, high-flux dialyzer membranes, or high-flux dialysis may increase the
potential for pyrogenic reactions if the water in the dialysis setting does not meet standards.”®- "¢  Although
investigators have not been able to demonstrate endotoxin transfer across dialysis membranes, s 782 78 the
preponderance of reports now supports the ability of endotoxin to transfer across at least some high-flux membranes
under some operating conditions. In addition to the acute risk of pyrogenic reactions, there is increasing indirect
evidence that chronic exposure to low amounts of endotoxin may play arole in some of the long-term complications of
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hemodialysis therapy. Patients treated with ultrafiltered dialysate for 5-6 months have demonstrated a decrease in serum
$2-microglobulin concentrations and a decrease in markers of an inflammatory response.”®- 78 |n studies of longer
duration, use of microbiologically ultrapure dialysate has been associated with a decreased incidence of $2-
microglobulin-associated amyloidosis. ™" 788

The current AAMI standard does not provide for endotoxin testing of all dialysisfluids. Only water that is used for the
reprocessing of hemodialyzers has an endotoxin limit of 5 endotoxin units per milliliter (EU/mL [Table 26]), and the
current standard recommends this as a choice. CDC has advocated monthly endotoxin testing along with
microbiological assays of water since endotoxin activity may not correspond to the total heterotrophic plate counts.”®
Conseguently, the proposed revision to the AAMI standard may impose an upper limit on the endotoxin content of all
water for hemodialysis applications. A level of 2 EU/mL was chosen as the upper limit for endotoxin because this level
is easly achieved with contemporary water treatment systems using RO and/or ultrafiltration. Because 48 hours can

€l apse between the time of sampling water for the determination of microbia contamination and the time when results
are received, and because bacterial proliferation can be rapid, action levels for microbial counts and endotoxin
concentrations are also being considered in this revision of the standard. These will allow usersto initiate corrective
action before levels exceed the maximum levels established by the standard.

Table 26. Microbiological Limitsfor Hemodialysis Fluids™ 72

Maximum Total Heter otr ophs

Maximum Endotoxin L evel

Hemodialyss Fluid (CFU/mL) (EU/mL)
Water

Used to Prepare Didysate 200 No Standard
Used for Reprocessing 200 5
Dialysate 2,000 No Standard
Proposed AAMI Standard

Water 200 2
Dialysate Not Determined Not Determined

In hemodialysis, the net movement of water is from the blood to the dialysate, although within the dialyzer there may be
local movement of water from the dialysate to the blood through the phenomenon of back-filtration, particularly in
dialyzers with highly permeable membranes.”® In contrast, hemofiltration and hemodiaflltration feature infusion of
large volumes of electrolyte solution (20 - 70 L) into the blood. Increasingly, this electrolyte solution is being prepared
on-line from water and concentrate. Because of the large volumes of fluid infused, AAMI considered the necessity of
setting more stringent requirements for water to be used in this application, but has not yet established these due to lack
of expert consensus. On-line hemofiltration and hemodiafiltration systems use sequential ultrafiltration as the final step
in the preparation of infusion fluid. Severa experts from AAMI felt that these point-of-use ultrafiltration systems should
be capable of further reducing the bacteria and endotoxin burden of solutions prepared from water meeting the
requirements of the AAMI standard to a safe level for infusion.

b. Microbial Control Strategies

The strategy for controlling massive accumulations of gram-negative water bacteriaand NTM in dialysis systems
primarily involves preventing their growth through proper disinfection of water treatment system and hemodialysis
machines. Gram-negative water bacteria, their associated lipopolysaccharides (bacterial endotoxins), and NTM
ultimately come from the community water supply, and levels of these bacteria can be amplified depending on the water
treatment system, dialysate distribution system, type of dialysis machine, and method of disinfection (Table 27).610 754 71
Control strategies are designed to reduce levels of microbial contamination in water and dialysis fluid to relatively low
levels but not to completely eradicate it.
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Two components of hemodialysis water distribution systems — pipes and storage tanks — can serve as reservoirs of
microbial contamination. Hemodialysis systems frequently use pipes that are wider and longer than are needed to handle
the required flow. This slows the fluid velocity and increases both the total fluid volume and the wetted surface area of
the system. Gram-negative bacteriain fluids remaining in pipes overnight multiply rapidly and colonize the wet surfaces,
producing bacterial populations and endotoxin quantities in proportion to the volume and surface area. Such
colonization results in formation of protective biofilm that is difficult to remove and protects the bacteria from
disinfection.” Routine low-level disinfection of the pipes on aweekly basis can help to control bacterial contamination
of the distribution system. Additional measures to protect pipes from contaminations include: 1) situating all outlet taps
at equal elevation and at the highest point of the system so that the disinfectant cannot drain from pipes by gravity before
adequate contact time has elapsed; and 2) eliminating rough joints, dead-end pipes, and unused branches and taps that
can trap fluid and serve as reservoirs of bacteria capable of continuously inoculating the entire volume of the system.”°

A storage tank in the distribution system greatly increases the volume of fluid and surface area available and can serve as
aniche for water bacteria. Storage tanks are therefore not recommended for use in dialysis systems unless they are
frequently drained and adequately disinfected, including scrubbing the sides of the tank to remove bacterial biofilm. An
ultrafilter should be used distal to the storage tank.” 73

Microbiologic sampling of dialysis fluids is recommended because gram-negative bacteria can proliferate rapidly in

water and dialysate in hemodialysis systems; high levels of these organisms place patients at risk of pyrogenic reactions
or healthcare-associated infection.54 644 768
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Table27. FactorsInfluencing Microbial Contamination in Hemodialysis Systems

Factors Comments
Water supply
Source of community water
Groundwater Contains endotoxin and bacteria
Surface water Contains high levels of endotoxin and bacteria

Water treatment at dialysis center
None
Filtration

Prefilter

Absolute filter (depth or membrane)

Activated carbon filter

Water treatment devices
Deionization/lon-exchange softener

Reverse osmosis
Ultraviolet light
Ultrefilter
Water and dialysate distribution system

Distribution pipes
Size

Construction
Elevation
Storage tanks
Dialysis machines
Single-pass

Recirculating single-pass, or
recirculating (batch)

Not recommended

Particulate filter to protect equipment; does not remove
microorganisms

Removes bacteria but, unless changed frequently or
disinfected, bacteria will accumulate and grow through filter; acts
as significant reservoir of bacteria and endotoxin

Removes organics and available chlorine or chloramine; significant
reservoir of water bacteria and endotoxin

Both softeners and de-ionizers are significant reservoirs of bacteria
and do not remove endotoxin

Removes bacteria and endotoxin, but must be disinfected; operates
at high water pressure

Kills some bacteria, but there is no residual, and ultraviolet-
resistant bacteria can develop if not properly maintained

Removes bacteria and endotoxin; operates on normal line pressure;

can be positioned distal to de-ionizer; must be disinfected

Oversized diameter and length decrease fluid flow and increase
bacteria reservair for both treated water and centrally
prepared didysate

Rough joints, dead ends, and unused branches can act as bacterial
reservoirs

Outlet taps should be located at highest elevation to prevent loss of

disinfectant

Undesirable because they act as reservoir of water bacteria; if
present, must be routinely scrubbed and disinfected

Disinfectant should have contact with all parts of machine that are
exposed to water or dialysis fluid.

Recirculating pumps and machine design alow for massive
contamination levelsif not properly disinfected. Overnight
chemical germicide treatment recommended.

Healthcare facilities are advised to sample dialysis fluids at least monthly using standard microbiological assay methods
for waterborne microorganisms, ™0 753 759.794- 7% \\/ater used to reprocess hemodialyzers for reuse on the same patient
should also be tested for bacterial endotoxin on a monthly basis.” 7" Information about water sampling methods for

dialysisis provided in Appendix C.

Cross-contamination of dialysis machines and inadequate disinfection measures can facilitate the spread of waterborne
organisms to patients. Steps should be taken to ensure that dialysis equipment is performing correctly and that all
connectors, lines, and other components are specific for the equipment, in good repair, and properly in place. A recent
outbreak of gram-negative bacteremias among diaysis patients was attributed to faulty valvesin adrain port of the
machine that allowed backflow of saline used to flush the dialyzer before patient use.”® ™ This backflow contaminated
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the drain priming connectors, which in turn contaminated the blood lines and exposed the patients to high concentrations
of gram-negative bacteria. Environmental infection control in dialysis settings also includes low-level disinfection of
housekeeping surfaces and spot decontamination of spills of blood (see the Environmental Services portion of Part | of
this guideline for further information).

c. Peritoneal Dialysis |ssues

Peritoneal dialysis (PD), most commonly administered as continuous ambulatory peritoneal dialysis (CAPD) and
continual cycling peritonea dialysis (CCPD), is the third most common treatment for end-stage renal disease (ESRD) in
the United States, accounting for 12% of al dialysis patients.®® Peritonitisis the most important complication of CAPD,
with coagulase-negative staphylococci the most clinically significant causative organisms.®  Other organisms that have
been found to produce peritonitis include Staphylococcus aureus, Mycobacterium fortuitum, M. mucogenicum,
Senotrophomonas maltophilia, Burkholderia cepacia, Corynebacterium jekeium, Candida spp., and other fungi.®?- 80
Substantial morbidity is associated with peritoneal dialysis infections. Removal of peritoneal dialysis cathetersis usualy
required for treatment of peritonitis caused by fungi, NTM, or other bacteria that are not cleared within the first several
days of effective antimicrobial treatment. Furthermore, recurrent episodes of peritonitis may lead to fibrosis and loss of
the dialysis membrane.

Many reported episodes of peritonitis are associated with exit-site or tunneled catheter infections. Risk factors for the
development of peritonitisin PD patients include: 1) under dialysis; 2) immune suppression; 3) prolonged antimicrobial
treatment; 4) patient age [more infections in younger patients and older hospitalized patients]; 5) length of hospital stay;
and 6) lower hypoalbuminemia.8* 81812 There has been some concern about infection risk related to the use of
automated cyclers in both inpatient and outpatient settings. However, studies suggest that PD patients who use
automated cyclers have much lower infection rates.®® One study noted that a closed-drainage system reduced the
incidence of system-related peritonitis among intermittent peritoneal dialysis (IPD) patients from 3.6 to 1.5 cases/100
patient days.®* The association of peritonitis with management of spent dialysate fluids requires additional study. At
present, it is prudent to ensure that the tip of the waste line is not submerged beneath the water level in atoilet orina
drain.

7. lce Machinesand I ce

Microorganisms may be present in ice, ice-storage chests and ice-making machines. The two main sources of
microorganisms in ice are the potable water from which it is made and a transferral of organisms from hands (Table 28).
Ice from contaminated ice machines has been associated with patient colonization, blood stream infections, pulmonary
and gastrointestinal illnesses, and pseudoinfections, 0 81 653, 654,815,816 - Mjcroorganismsin ice can secondarily
contaminate clinical specimens and medical solutions which require cold temperatures for either transport or holding.™
5% An outbreak of surgical site infections was interrupted when sterile ice was used in place of tap water ice to cool
cardioplegia solutions.5™
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Table 28. Sources of Microorganismsin Ice and | ce Machines

From Potable Water References
Legionella spp. 655, 653, 817, 818
Non-tubercul ous mycobacteria (NTM) 580, 581, 819
Pseudomonas aeruginosa 819
Burkholderia cepacia 819, 820
Stenotrophomonas maltophilia 820
Flavobacterium spp. 820

From Fecally-Contaminated Water

Norwalk virus 821, 822, 823
Giardia lamblia 824

From Hand-Transfer of Organisms

Acinetobacter spp. 819
Coagulase-negative staphylococci 819
Salmonella enteriditis 825
Cryptosporidium parvum 654

In astudy comparing the microbial populations of hospital ice machines with organisms recovered from ice samples
gathered from the community, samples from 27 hospital ice machines yielded low numbers (<10 CFU/mL) of avariety
of potentially opportunistic microorganisms, mainly gram-negative bacilli.8° During the survey period, no healthcare-
associated infections were attributed to the use of ice. Ice from community sources appeared to have higher levels of
microbial contamination (75% - 95% of 194 samples had total heterotrophic plate counts <500 CFU/mL, with the
proportion of positive cultures dependent on the incubation temperature) and showed evidence of fecal contamination
from the source water.8® Thus, ice machinesin health care are no more heavily contaminated compared to ice machines
in the community. If the source water for ice in a healthcare facility is not fecally-contaminated, then ice from clean ice
machines and chests should pose no special hazard for immunocompetent patients. Some waterborne bacteria found in
ice could potentially be arisk to immunocompromised patients if they consume ice or drink beverages with ice. For
example, Burkholderia cepacia in ice could present an infection risk for cystic fibrosis patients.2% 80 |t may therefore
be prudent to protect immunosuppressed and otherwise medically at-risk patients from exposure to tap water and ice
potentially contaminated with opportunistic pathogens.®

Currently there are no microbiologica standards for ice, ice-making machines, or ice storage equipment, although
several investigators have suggested the need for such standards.®!® % Culturing of ice machinesis not routinely
recommended but may be useful as part of an epidemiologic investigation.t?”-82°  Sampling might also help determine
the best schedule for cleaning open ice-storage chests. Recommendations for aregular program of maintenance and
disinfection have been published.t26-8° Healthcare facilities are advised to clean ice-storage chests at least monthly,
with more frequent cleanings recommended for open chests. Portable ice chests and containers require cleaning and
low-level disinfection before the addition of ice intended for consumption. |ce-making machines may require less
frequent cleaning, but their maintenance is important to proper performance (Tables 29 and 30).
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Table 29.

General Stepsto Clean and Disinfect |ce Machines

ONOUAWNE

. Disconnect the unit from the power supply.
. Remove and discard the ice in the bin.
. Allow the unit to warm to room temperature.

Clean with fresh water and detergent.

. Rinse with fresh tap water.

Wipe dry with clean materials.

. Rinse with a dilute solution of chlorine bleach (10 - 100 ppm [1 - 8 mL of bleach per gallon of water]).
. Let al surfaces air dry before returning the unit to service.

Ice and ice-making machines may also be contaminated viaimproper storage or handling of ice by patients and/or
staff.653- 655, 815- 818,830 g ggested steps to avoid this means of contamination include: 1) minimizing or avoiding direct
hand contact with ice intended for consumption; 2) using a hard-surface scoop to dispense ice; and 3) installing
machines that dispense ice directly into portable containers at the touch of a control.®* 82

Table 30.

General Stepsto Maintain Ice Machines

1
2
3
4
5.
6
7
8

9.
1

. Disconnect the unit from the power supply.

. Remove and discard the ice.

. Disassemble the removable parts of the machine that make contact with the water to makeice.
. Thoroughly clean the machine and the parts.

Check for any needed repair.

. Ensure the presence of an air space in the tubing that leads from the water inlet into the water distribution system of the machine.
. Inspect for rodent or insect infestations under the unit and treat if necessary.
. Check door gaskets (open compartment models) for evidence of leakage or dripping into the storage chest.

Clean the ice-storage chest as described in Table 29.

0. Sanitize the machine by circulating a 50 - 100 ppm chlorine solution through the ice-making and storage systems (suggested

contact time: 4 hrs. for 50 ppm solution, 2 hrs. for 100 ppm solution).

11. Drain the chlorine solution, and flush with fresh tap water.
12. Allow theice-storage chest to dry, and return to service.

8. Hydrotherapy Tanks and Pools
a._General Information

Hydrotherapy equipment (e.g., pools, whirlpools [jacuzzig], hot tubs, physiotherapy tanks) has traditionally been used to
treat patients with medical conditions which include, but are not limited to burns,®% 82 septic ulcers, lesions,
amputations,®® orthopedic impairments and injuries, arthritis,®** and more recently, kidney lithotripsy.®° Wound-care
medicine is increasingly moving away from hydrotherapy, however, in favor of bedside pulsed-lavage therapy using
sterile solutions for cleaning and irrigation.*’2 8%5-8%  Several episodes of healthcare-associated infections have been
linked to use of hydroherapy equipment (Table 31). Potential routes of infection include incidental ingestion of the
water, sprays and aerosols, and direct contact with
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Table 31. Infections Associated with Use of Hydrother apy Equipment

Microor ganism(s) Medical Condition(s) Reference(s)

Acinetobacter baumanii Sepsis 550

Citrobacter freundii Cdlulitis 839

Enterobacter cloacae Sepsis 840

Legionella spp. Legiondloss 841

Mycobacterium abscessus, M. fortuitum, M. marinum Skin ulcers, soft tissue infections 593 - 595, 842

Pseudomonas aeruginosa Sepsis, soft tissue infections, falliculitis, wound 472, 473, 486, 648, 844 -
infections 846

Adenovirus, adeno-associated virus Conjunctivitis 847

wounds and intact skin (folliculitis). Risk factors for infection include: 1) age and sex of the patient; 2) underlying
medical conditions; 3) length of time spent in the hydrotherapy water; and 4) portals of entry.8*

Infection control for hydrotherapy tanks, pools, or birthing tanks presents unusual challenges because indigenous
microorganisms will always be present in the water during treatments. In addition, some studies have found free living
amoebae (i.e., Naegleria lovaniensis) which are commonly found in association with N. fowleri in hospital hydrotherapy
pools.8¥  Although there are instances when patients with wounds, burns, or other types of non-intact skin conditions
receive treatment in hydrotherapy equipment, it is neither practical nor warranted to consider this equipment as “semi-
critical” in accordance with the Spaulding classification.2° Microbial datato evaluate the risk of infection to patients
using hydrotherapy pools or birthing tanks are insufficient. Nevertheless, healthcare facilities should maintain stringent
cleaning and disinfection practices in accordance with the manufacturer’ s instructions and with relevant scientific
literature until data supporting more rigorous infection control measures become available.

b. Hydrotherapy Tanks

Hydrotherapy tanks (e.g., whirlpools, Hubbard tanks) are shallow tanks constructed of stainless steel, Plexiglass, or tile.
They are closed-cycle water systems with hydrojets to circulate, aerate, and agitate the water. The maximum water
temperature range is 10°C - 40°C (50°F - 104°F). The warm water temperature, constant agitation and aeration, and
design of the hydrotherapy tanks provide ideal conditions for bacterial proliferation if the equipment is not properly
cleaned and maintained. Associated equipment (e.g., paralle bars, plinths, Hoyer lifts, wheelchairs) can also be potential
reservoirs of microorganisms, depending on the materials used in these items (i.e., porous vs. non-porous materials) and
the surfaces that may become wet during use. Patients with active skin colonizations and wound infections can serve as
sources of contamination for the equipment and the water. Contamination from spilled tub water can extend to drains,
floors, and walls.%#°- %2 Healthcare-associated colonization or infection can result from exposure to endogenous sources
of microorganisms (autoinoculation) or exogenous sources (via crass-contamination from other patients previously
receiving treatment in the unit).

Although some facilities have used tub liners to minimize on environmental contamination of the tanks, the use of atub
liner does not eliminate the need for cleaning and disinfection. Draining these small pools and tanks after each patient
use, thoroughly cleaning with a detergent, and disinfecting according to manufacturers’ instructions have been shown to
reduce bacterial contamination levelsin the water from 10* CFU/mL to <10 CFU/mL.%! The general recommendation is
to maintain a chlorine residual of 15 ppm in the water prior to the patient’ s therapy session (e.g., by adding 15 grams of
calcium hypochlorite 70% [e.g., HTH®] per 100 gallons of water).8 A study of commercia and residential whirlpools
found that superchlorination or draining, cleaning, disinfection, and refilling of whirlpools markedly reduced densities
of Pseudomonas aeruginosa in the whirlpool water.®2 The bacterial populations were rapidly replenished, however,
when disinfectant concentrations dropped below recommended levels for recreational use (i.e., chlorine at 3.0 ppm or
bromine at 6.0 ppm).
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A few reports describe the addition of antiseptic chemicals to hydrotherapy tank water, especially for burn patient
therapy.®2-85 One small study showed a reduction in the number of Pseudomonas spp. and other gram-negative
bacteria from both patients and equipment surfaces when chloramine-T (“chlorazene”) is added to the water.8®
Chloramine-T has not, however, been approved for water treatment in the United States.

c. Hydrotherapy Pools

Hydrotherapy pools typically serve large numbers of patients and are usually heated to 33°C - 37°C (91.4°F - 98.6°F).
The temperature range is more narrow (35°C - 36°C [95°F - 96.8°F]) for pediatric and geriatric patient use.®’ Because
the size of hydrotherapy pools precludes draining after patient use, proper management is required to maintain the
proper balance of water conditioning (i.e., alkalinity, hardness, temperature) and disinfection. The most widely used
chemicals for disinfection of pools are chlorine and chlorine compounds -- calcium hypochlorite, sodium hypochlorite,
lithium hypochlorite, chloroisocyanurates, and chlorine gas. Solid and liquid formulations of chlorine chemicals are the
easiest and safest to use.®  Other halogenated compounds have also been used for pool water disinfection, albeit on a
limited scale. Bromine, which forms bactericidal bromamines in the presence of ammonia, has limited use because it has
been associated with contact dermatitis.®®® |odine does not bleach hair, swim suits, or cause eyeirritation, but when
introduced at proper concentrations, it will give water a greenish-yellowish cast.®!

In practical terms, maintenance of large hydrotherapy pools, such as those used for exercise, is similar to that for indoor
public pools (i.e., continuous filtration, chlorine residuals no less than 0.4 ppm, and pH between 7.2 -7.6).80- 81 Supply
pipes and pumps also need to be maintained to eliminate these as possible reservoirs for waterborne organisms.?
Specific standards for chlorine residual and pH of the water are addressed in local and state regulations. Patients who
are fecally-incontinent or who have draining wounds should refrain from using these pools until their condition
improves.

d. Birthing Tanks and Other Equipment

The use of birthing tanks, jacuzzis, and whirlpools is a recent addition to obstetrical practice.®8® Few studies on the
potential risks associated with these pieces of equipment have been conducted. In one small study of 32 women, a
newborn contracted a Pseudomonas infection, the strain of which was identical to the organism isolated from the tank
water.8* Other studies have shown no significant increases in the rates of post-immersion infections among mothers
and infants. 865 86

Because the water and the tub surfaces routinely become contaminated with the mother’ s skin flora and blood during
labor and delivery, birthing tanks and other tub equipment need to be drained after each patient use and the surfaces
thoroughly cleaned and disinfected. Healthcare facilities are advised to follow the manufacturer’ s instructions for
selection of disinfection method and chemical germicide. Chlorine residuals for public whirlpools and jacuzzis ranges
from 2 - 5 ppm.#&” Use of an inflatable tub is an alternative solution, but this item must be cleaned and disinfected
between patients if it is not considered as a single-use unit.

A recent trend in health care is to use recreational tanks or jacuzzis as hydrotherapy equipment. Although such home
equipment appears to be suitable for hydrotherapy, they are neither designed nor constructed to function in this capacity.
Additionally, manufacturers are generally not obligated to provide the healthcare facility with cleaning and disinfecting
instructions appropriate for medical equipment use, and the U.S. Food & Drug Administration (FDA) does not evaluate
recreational equipment. Healthcare facilities should therefore carefully evaluate this “ off-label” use of home equipment
before proceeding with a purchase.

9. Miscellaneous Medical Equipment Connected to Main Water Systems

a. Automated Endoscope Reprocessors

The automated endoscopic reprocessor (AER) is classified by the FDA as an accessory for the flexible fiberoptic
endoscope.’*® A properly operating AER can provide a more consistent, reliable method of decontaminating and
terminal reprocessing for endoscopes between patient procedures than manual reprocessing methods alone.% 89 An
endoscope is generally subjected to high-level disinfection using aliquid chemical sterilant. The optimal rinse fluid for a
disinfected endoscope would be sterile water, since the instrument is a semi-critical device.®> Sterile water, however, is
expensive and difficult to produce in sufficient quantities and with adequate quality assurance for instrument rinsing in
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an AER. Therefore, one option that is used for AERs is rinse water which has been passed through filters with a pore
sizeof 0.1- 0.2 um (i.e, to render the water “bacteria-free”). Thesefilters are usually located in the water line at or near
the port where the mains water enters the equipment.

Two general situations have linked water to contamination of flexible fiberoptic endoscopes: 1) rinsing a disinfected
endoscope with unfiltered tap water, followed by storage of the instrument without drying out the internal channels; and
2) contamination of AERs from tap water inadvertently introduced into the equipment. In the latter instance, the
machine’ s water reservoirs and fluid circuitry become contaminated with waterborne, heterotrophic bacteria (e.g.,
Pseudomonas aeruginosa, NTM) which can survive and persist in biofilms attached to these components.87- 873
Colonization of the reservoirs and water lines of the AER becomes a problem if the required cleaning, disinfection, and
maintenance are not performed on the equipment as recommended by the manufacturer.82-84  Use of the 0.1 - 0.2 um
filter in the water line helps to keep bacteria contamination to a minimum,®® 87387 pyt filters may fail and allow
bacteria to pass on through.®6 87 Filters also require maintenance for proper performance.t”> 8% |ncreasing attention
to the proper disinfection of the connectors that hook the instrument to the AER may help to further reduce the potential
for contaminating endoscopes during reprocessing.&”®

Studies have linked deficiencies in endoscope cleaning and/or disinfecting processes to the incidence of post-endoscopic
adverse outcomes.®-88  Several clusters have been traced to AERs of older designs, and these were associated with
water quality.870-87284  Regardless of whether manual or automated terminal reprocessing is used for endoscopes, the
internal channels of the instrument must be dried before storage. The presence of residual moisture in the internal
channels encourages the proliferation of waterborne microorganisms, some of which may be potentialy pathogenic.
Using 70% isopropy! alcohol to flush the internal channels, followed by forced air drying of these channels and hanging
the endoscope vertically in a protected cabinet will ensure internal drying of the endoscope and lessen the potential for
proliferation of waterborne microorganisms, whether they originate from the disinfector water or from residual
contamination from the previous patient.87 874 8185 Thisjs part of the worldwide standard process for successful
endoscope reprocessing.%

An additional problem with waterborne microbial contamination of AERS centers on increased microbial resistance to
sterilants such as alkaline glutaraldehyde.8”* 87 Opportunistic waterborne microorganisms (e.g., Mycobacterium
chelonae, Methylobacterium spp.) have been associated with pseudo-outbreaks, colonization, and infection in clinical
settings such as bronchoscopy. 87+ 87:88  The problem of increasing microbial resistance to glutaraldehyde has been
attributed to improper use of the disinfectant in the equipment which allows the dilution of glutaraldehyde to fall below
the manufacturer’s recommended minimal use concentration of 1.5%.88

b. Dental Unit Water Lines

Dental unit water lines (DUWLS) consist of small-bore plastic tubing that delivers water used for general, non-surgical
irrigation and as a coolant to dental handpieces, sonic and ultrasonic scalers, and air-water syringes; municipal tap water
is the source water for these lines. The presence of biofilms of waterborne bacteria and fungi (e.g., Legionella spp.,
Pseudomonas aeruginosa, NTM) in DUWLSs has been well established.513 662 663,889.8% - Bjofi|ms continually release
planktonic microorganisms into the water, the titers of which can exceed 1x10° CFU/mL.%2 To date, however, scientific
evidence indicates there is little risk of significant adverse health effects among immunocompetent persons due to
contact with water from a dental unit. Nonetheless, exposing patients or dental personnel to water of uncertain
microbiological quality is not consistent with universally accepted infection control principles.®:

In 1993, the CDC issued guidelines relative to water quality in adental setting. These guidelines recommend that all
dental instruments that use water (including high-speed handpieces) should be run to discharge water for 20-30 seconds
after each patient and for several minutes before the start of each clinic day.®? Although these guidelines are designed
to help reduce the number of microorganisms present in treatment water, they do not address the issue of reducing or
preventing biofilm formation in the waterlines.

The numbers of microorganismsin water used as coolant or irrigant for non-surgical dental treatment should be as low

as reasonably achievable and, at a minimum, should meet nationally recognized standards for safe drinking water.®®
Thereis minimal evidence that water that meets drinking water standards poses a health hazard for immunocompetent
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persons. The EPA, the American Public Health Association (APHA), and the American Water Works Association
(AWWA) have set a maximum limit for aerobic, heterotrophic, mesophilic bacteriain drinking water at 500 CFU/mL 8%
85 This standard is achievable today, given improvements in water line technology. An upcoming revision to the 1993
CDC dental infection control guidelines may consider a standard such as that for dialysis water quality (i.e., <
200CFU/mL) be adopted for DUWLSs. Dentists should consult with the manufacturer of their dental unit to determine the
best equipment and method for maintaining and monitoring good water quality.®:

E. Environmental Services

1. Principlesof Cleaning and Disinfecting Environmental Surfaces

Although microbiologically-contaminated surfaces can serve as reservoirs of potential pathogens, these surfaces are
generally not directly associated with transmission of infections to either staff or patients. The transferral of
microorganisms from environmental surfaces to patientsislargely via hand contact with the surface.®%:-87 While hand
hygiene/handwashing is important to minimize the impact of this transferral, cleaning and disinfecting environmental
surfaces as appropriate is fundamental in reducing their potential contribution to the incidence of healthcare-associated
infections.

The principles of cleaning and disinfecting environmental surfaces take into account the intended use of the surface or
item in patient care. CDC retains the Spaulding classification for medical and surgical instruments which outlines three
categories based on the potential for the instrument to transmit infection if the instrument is microbiologically
contaminated before use.?%:8%°  These categories are “critical,” “semi-critical,” and “non-critical.” In 1991, CDC
proposed an additional category designated “environmental surfaces” to Spaulding’ s original classification.®® These are
non-critical surfaces that generally do not come into direct contact with patients during care. Environmental surfaces
carry the least risk of disease transmission and can be safely decontaminated using less rigorous methods than those used
on medical instruments and devices. Environmental surfaces can be further divided into medical equipment surfaces
(e.g., knabs or handles on hemodialysis machines, x-ray machines, instrument carts, dental units) and housekeeping
surfaces (e.g., floors, walls, tabletops).5®

Several factors influence the choice of disinfection procedure for environmental surfaces: 1) the nature of the item to be
disinfected; 2) the number of microorganisms present; 3) the innate resistance of those microorgansimsto the
inactivating effects of the germicide; 4) the amount of organic soil present; 5) the type and concentration of germicide
used; 6) duration and temperature of germicide contact; and 7) if using a proprietary product, other specific indications
for use.®*

Cleaning is the necessary first step of any sterilization or disinfection process. Cleaning isaform of decontamination
that renders the environmental surface safe to handle or use by removing organic matter, salts, and visible soils, al of
which interfere with microbial inactivation.®2-°%8  The physical action of scrubbing with detergents and surfactants and
rinsing with water removes large numbers of microorganisms from surfaces.®® If the surface is not cleaned before the
terminal reprocessing procedures are started, then the success of the sterilization or disinfection process is compromised.

Disinfection is a generally less lethal process compared to sterilization, and usually involves the use of liquid chemical
germicides (disinfectants). By definition, chemical disinfection differs from sterilization by its lack of sporicidal power;
disinfection eliminates virtually all recognized pathogenic microorganisms, but not necessarily al microbial forms (e.g.,
bacterial spores) on inanimate surfaces. Accordingly, disinfection procedures lack the margin of safety achieved by
sterilization processes, which are most frequently accomplished by physical means (e.g., heat).

Spaulding proposed three levels of disinfection for the treatment of devices and surfaces that do not require sterility for
safe use. These disinfection levels are “high-level,” “intermediate-level,” and “low-level.”8% 8° The basis for these
levelsis that microorganisms can usually be grouped according to their innate resistance to a spectrum of physical or
chemical germicidal agents (Table 32). Thisinformation, coupled with the instrument/surface classification, determines
the appropriate level of terminal disinfection for an instrument or surface.
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Table 32. Levelsof Disinfection by Type of Microor ganism? %©

Bacteria Fungi® Viruses
Tubercle Lipid & Medium Nonlipid &
Levels Vegetative Bacillus Spores Size Small
High I L L L L L
Intermediiate L L L L L L
Low L — — L L L

a Includes asexual spores but not necessarily chlamydospores or sexual spores.

b Plussignindicates that akilling effect can be expected when the normal use-concentrations of chemical disinfectants or pasteurization are properly
employed; a negative sign indicates little or no killing effect.

¢ Only with extended exposure times are high-level disinfectant chemicals capable of killing high numbers of bacteria sporesin laboratory tests; they
are, however, capable of sporicida activity.

d Someintermediate-leve disinfectants (e.g., hypochlorites) can exhibit some sporicidal activity; others (e.g., alcohals, phenolics) have no
demonstrable sporicidal activity.

e Someintermediate-level disinfectants, although they are tuberculocidal, may have limited virucida activity.

The process of high-level disinfection, an appropriate standard of treatment for heat-sensitive, semi-critical medical
instruments (e.g., flexible, fiberoptic endoscopes), is capable of inactivating all vegetative bacteria, mycobacteria,
viruses, fungi, and some bacterial sporesif they are present. High-level disinfection is accomplished with powerful,
sporicidal chemicals (e.g., glutaraldehyde, peracetic acid, and hydrogen peroxide) that are not appropriate for use on
housekeeping surfaces. Intermediate-level disinfection does not necessarily kill bacterial spores, but does inactivate
Mycobacterium tuberculosis var. bovis, which is significantly more resistant to chemical germicides than ordinary
vegetative bacteria, fungi, and medium- to small viruses (with or without lipid envelopes). Chemical germicides with
sufficient potency to achieve intermediate-level disinfection include but are not limited to chlorine-containing
compounds (e.g., sodium hypochlorite), alcohols, some phenolics, and some iodophors. Low-level disinfection
inactivates vegetative bacteria, fungi, enveloped viruses (e.g., human immunodeficiency virus [HIV], influenza viruses),
and some non-enveloped viruses (e.g., adenoviruses). Low-level disinfectants, which may also be referred to as
“sanitizers,” include quaternary ammonium compounds, some phenolics, and some iodophors. Germicidal chemicals
cleared as skin antiseptics are not appropriate for use as environmental surface disinfectants.>®

The selection and use of chemical germicides are guided by product label instructions and information.
Sterilant/disinfectant chemicals (i.e., high-level disinfectants) are regulated now exclusively by the FDA as aresult of
recent memoranda of understanding between FDA and the EPA which delineates agency authority for chemical
germicide regulation.®® °° Environmental surface germicides (i.e., intermediate- and low-level disinfectants) are
regulated by the EPA and labeled with EPA registration numbers. The labels and package inserts of these germicides
specify indications for product use and provide claims for the range of antimicrobial activity. The EPA requires certain
pre-registration laboratory potency tests for these products to support product label claims, but does not perform these
pre-registration laboratory tests, relying instead on the manufacturer to provide valid data. Germicides labeled as
“hospital disinfectant” have passed the potency tests for activity against three representative microorganisms -
Pseudomonas aeruginosa, Staphylococcus aureus, and Salmonella cholerae suis. Hospital disinfectants with
demonstrated potency against mycobacteria (i.e., intermediate-level disinfectants) may list “tuberculocidal” on the label
aswell. Low-level disinfectants are often labelled “hospital disinfectant” without a tuberculocidal claim, because they
lack the potency to inactivate mycobacteria. Other claims, such as “fungicidal,” “pseudomonicidal,” or “virucidal” may
appear on labels of environmental surface germicides, but the designations of “tuberculocidal hospital disinfectant” and
“hospital disinfectant” correlate directly to Spaulding’ s assessment of intermediate-level disinfectants and low-level
disinfectants, respectively.%®

A common misconception in the use of surface disinfectants in health care relates to the underlying purpose when using

proprietary products labeled as a “tuberculocidal” germicide. Such products will not interrupt and prevent the
transmission of TB in healthcare settings because TB is not acquired from environmental surfaces. The tubercul ocidal
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claim is used as a benchmark by which to measure germicidal potency. Since mycobacteria have the highest intrinsic
level of resistance among the vegetative bacteria, viruses, and fungi, any germicide with a tuberculocidal claim on the
label (i.e., an intermediate-level disinfectant) is considered capable of inactivating a broad spectrum of pathogens,
including much less resistant organisms such the bloodborne pathogens (e.g., HBV, hepatitis C virus [HCV], and HIV).
It isthis broad spectrum capability, rather than the product’ s specific potency against mycobacteria, that is the basis for
protocols and OSHA regulations dictating use of tuberculocidal chemicals for surface disinfection.®

2. General Cleaning Strategiesfor Patient-Care Areas

The number and types of microorganisms present on environmental surfaces are influenced by severa factors: 1)
number of people in the environment; 2) amount of activity; 3) amount of moisture; 4) presence of material capable of
supporting microbial growth; 5) rate at which organisms suspended in the air are removed; and 6) type of surface and
orientation [horizontal or vertical].®*? Strategies for cleaning and disinfecting surfaces in patient-care areas take into
account: 1) potential for direct patient contact; 2) degree and frequency of hand contact; and 3) potential contamination
of the surface with body substances or environmental sources of microorganisms (e.g., soil, dust, or water).

a. Strateqgies for Routine Cleaning of Medical Equipment

Manufacturers of medical equipment should provide care and maintenance instructions specific to their equipment.
These instructions should include information about materials compatibility with chemical germicides, whether or not
the equipment can be safely immersed for cleaning, and how the equipment should be decontaminated if servicing is
required.®® In the absence of manufacturers’ instructions, non-critical medical equipment (e.g., stethoscopes, blood
pressure cuffs, dialysis machines, equipment knobs and controls) usually need only cleaning followed by low- to
intermediate-level disinfection depending on the nature and degree of contamination. Ethyl alcohol or isopropy! alcohol
in concentrations ranging from 60% to 90% is often used to disinfect small surfaces (e.g., rubber stoppers of multiple-
dose medication vials, thermometers)®™ 22 and external surfaces of equipment (e.g., stethoscopes, ventilators) on
occasion. However, alcohol evaporates rapidly, which makes extended contact times difficult to achieve unless items are
immersed, a factor which precludes its practical use as alarge surface disinfectant.** Alcohol may cause discoloration,
swelling, hardening, and cracking of rubber and certain plastics after prolonged and repeated use, and damage the shellac
mounting of lensesin medical equipment.®

Barrier protection of surfaces and equipment is useful, especialy if these surfaces are: 1) touched frequently by gloved
hands during the delivery of patient care; 2) likely to become contaminated with body substances; or 3) difficult to clean.
Impervious-backed paper, aluminum foil, plastic or fluid-resistant covers are suitable for use as barrier protection. An
example of this approach is the use of plastic wrapping to cover the handle of the operatory light in dental care
settings.®? Coverings should be removed and discarded while the healthcare worker is still gloved.®? The healthcare
worker, after ungloving and hand hygiene, covers these surfaces with clean materials before the next patient encounter.

b. Strategies for Routine Cleaning of Housekeeping Surfaces

Housekeeping surfaces require regular cleaning and removal of soil and dust. Dry conditions favor the persistence of
gram-positive cocci (e.g., coagul ase-negative Staphyl ococcus spp.) in dust and on surfaces, whereas moist, soiled
environments favor the growth and persistence of gram-negative bacilli.8" %596  Fungi are also present on dust and
proliferate in moist, fibrous material.

Most, if not all, housekeeping surfaces need to be cleaned only with soap and water or a detergent/disinfectant,
depending on the nature of the surface and the type and degree of contamination. Cleaning and disinfection schedules
and methods vary according to the area of the hospital, type of surface to be cleaned, and the amount and type of soil
present. Disinfectant-detergent formulations registered by the EPA are used for environmental surface cleaning, but the
actual physical removal of microorganisms and soil by scrubbing is probably as important, if not more so, than any
antimicrobial effect of the cleaning agent used.®” Therefore, cost, safety, and acceptability by housekeepers can be the
main criteria for selecting a registered agent. |f using a proprietary detergent/disinfectant, the manufacturers’ instructions
for appropriate use of the product should be followed. Consult the products' material safety data sheets (MSDS) to
determine appropriate precautions to prevent hazardous conditions during product application.

Housekeeping surfaces can be divided into two groups - those with minimal hand-contact (e.g., floors, ceilings), and
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those with frequent hand-contact (“ high touch surfaces’). The methods, thoroughness, and frequency of cleaning and
the products used are determined by healthcare facility policy.® However, high-touch housekeeping surfaces in patient-
care areas (e.g., doorknaobs, bedrails, light switches, wall areas around the toilet in the patient’s room) should be cleaned
and/or disinfected more frequently than surfaces with minimal hand-contact. Infection control practitioners typically use
a risk-assessment approach to identify high-touch surfaces and then coordinate an appropriate cleaning and disinfecting
strategy and schedule with the housekeeping staff.

Horizontal surfaces with infrequent hand contact (e.g., window sills, hard-surface flooring) in routine patient-care areas
require cleaning on aregular basis, when soiling or spills occur, and when a patient is discharged.® Regular cleaning of
surfaces and decontamination as needed is also advocated to protect potentially exposed workers.®** Cleaning of walls,
blinds, and window curtains is recommended when they are visibly soiled.®6 °1" Disinfectant fogging is not
recommended for general infection control in routine patient-care areas.?

Extraordinary cleaning and decontamination of floors in healthcare settings is unwarranted. Studies have demonstrated
that disinfection of floors offers no significant advantage over regular detergent/water cleaning and has little or no impact
on the occurrence of healthcare-associated infections.8% 87 919-921 - Additionally, newly cleaned floors become rapidly
recontaminated from airborne microorganisms and those transferred from shoes, equipment wheels, and body
substances.®!> 919922 Methods for cleaning non-porous floors include wet mopping and wet vacuuming, dry dusting
with electrostatic materials, and spray buffing.%t"922-925  Methods that produce minimal mists and aerosols or dispersion
of dust in patient-care areas are preferred.® 20 109 262

Part of the cleaning strategy is to minimize contamination of cleaning solutions and cleaning tools. Bucket solutions
become contaminated almost immediately during cleaning, and continued use of the solution transfers increasing
numbers of microorganisms to each subsequent surface to be cleaned.®> %22 926 Cleaning solutions should be replaced
frequently. A variety of “bucket” methods have been devised to address the frequency with which cleaning solutions are
replaced.®?” %28 Another source of contamination in the cleaning process is the cleaning cloth or mop head, especially if
left soaking in dirty cleaning solutions.®%92°- 931 | aundering of cloths and mop heads after use, and allowing them to
dry before re-use, can help to minimize the degree of contamination.®* A simplified approach to cleaning involves
replacing soiled cloths and mop heads with clean items each time a bucket of detergent/disinfectant is emptied and
replaced with fresh, clean solution.®*2 Disposable cleaning cloths and mop heads are an alternative option, if costs
permit.

Another reservoir for microorganisms in the cleaning process may be dilute solutions of the detergents or disinfectants,
especialy if the working solution is prepared in a dirty container and stored for long periods of time. Gram-negative
bacilli (e.g., Pseudomonas spp.) have been detected in working solutions of some disinfectants (e.g., phenolics).%
Application of contaminated cleaning solutions, particularly from small-quantity aerosol spray bottles or with equipment
that might generate aerosols during operation, should be avoided, especialy in high-risk patient areas.®** % Making
sufficient fresh cleaning solution for daily cleaning, discarding any remaining solution, and drying out the container will
help to minimize the degree of bacterial contamination. Containers (e.g., quart-sized dishwashing liquid bottles) which
dispense liquid as opposed to spray-nozzle dispensers may be used to apply detergent/disinfectants to surfaces and then
to cleaning cloths with minimal aerosol generation. A pre-mixed, “ready-to-use” detergent/disinfectant solution may be
used if available.

c. Strateqgies for Cleaning Special-Care Areas

Guidelines have been published on cleaning strategies for isolation areas and for the operating rooms.® ” The basic
strategies for areas housing immunosuppressed patients include: 1) wet dusting horizontal surfaces daily with cleaning
cloths pre-moistened with a hospital disinfectant; % % 2) using care when wet dusting equipment and surfaces above
the patient to avoid patient contact with the detergent/disinfectant; 3) avoiding the use of cleaning equipment that
produces mists or aerosols; 4) equipping vacuums with HEPA filters, especialy for the exhaust, for use in any patient-
care area Where immunosuppressed patients;® % 7 and 5) regular cleaning and maintenance of equipment to ensure
efficient particle removal. Dispersal of microorganismsin the air from dust or aerosols can be problematic in these
settings than elsewhere in the facility. Thereisthe potential for vacuum cleaners to serve as dust disseminators if they
are not operating properly.®® Doors to patients' rooms should be closed when vacuuming anywhere in patient-care
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areas where immunosuppressed patients are located.® Bacteria and fungal contamination of filtersin cleaning
equipment is inevitable, and these filters should be cleaned regularly or replaced as per equipment manufacturer
instructions.

Tacky mats in operating rooms and other patient-care areas do little to minimize the overall degree of contamination of
floors, and have little impact on the incidence rate of healthcare-associated infection in general .34 %15 924 An exception
to this statement is the use of tacky mats inside the entry ways of cordoned-off construction areas inside the healthcare
facility; these mats help to minimize the intrusion of dust into patient-care areas.

Special precautions for cleaning incubators, mattresses, and other nursery surfaces have been recommended to address
reports of hyperbilirubinemiain newborns linked to inadequately diluted solutions of phenolics and poor ventilation.®" -
99 These medical conditions have not, however, been associated with the use of properly prepared use-sol utions of
phenolics. Non-porous housekeeping surfaces in neonatal units can be disinfected with properly-diluted or pre-mixed
phenoalics, followed by rinsing with clean water, and can be an option among available hospital disinfectants.®®
Phenolics are not recommended for cleaning infant bassinets and incubators during the stay of the infant. Infants who
remain in the nursery for an extended period should be moved periodically to freshly cleaned and disinfected bassinets
and incubators.®*®  If phenolics are used for terminal cleaning of bassinets and incubators, the surfaces should be rinsed
thoroughly with water and dried before reused of either piece of equipment. Cleaning and disinfecting protocols should
allow for the full contact time specified for the product used. Bassinette mattresses should be replaced, however, if the
mattress cover surface is broken.®

3. Cleaning Strategiesfor Spills of Blood and Body Substances

There is no evidence that either HBV, HCV, or HIV has ever been transmitted from a housekeeping surface (i.e., floors,
walls, or countertops). Nonetheless, prompt removal and surface disinfection of an area contaminated by either blood or
body substances are sound infection control practices and OSHA requirements.®!

Studies have shown that HIV is inactivated rapidly after being exposed to commonly used chemical germicides at
concentrations that are much lower than those used in practice.*°- %% HBV isreadily inactivated with a variety of
germicides, including quaternary ammonium compounds.®*® Embalming fluids (e.g., formaldehyde) are also capable of
completely inactivating HIV and HBV.%7: %% |n addition to commercially available germicides registered for use as
“hospital disinfectants’” with atuberculocidal claim (i.e., intermediate-level disinfectants), a solution of sodium
hypochlorite (household chlorine bleach) prepared daily is an inexpensive and effective broad-spectrum germicide.
Concentrations of sodium hypochlorite solutions ranging from approximately 5,000 ppm (1:10 dilution of household
bleach) to 500 ppm (1:100 dilution) free chlorine are effective depending on the amount of organic material (e.g., blood,
mucus, urine) present on the surface to be cleaned and disinfected.®*%° Commercially available chemica germicides
may be more compatible with certain materials that might be corroded by repeated exposure to sodium hypochlorite,
especially the 1:10 dilution. Appropriate personal protective equipment (e.g., gloves, goggles) should be worn when
preparing hypochlorite solutions.®!

Strategies for decontaminating spills of blood and other body fluids differ based on the setting in which they occur and
the volume of the spill.**° In patient-care areas, workers can manage small spills with a one-step procedure.®?” 926 For
spills containing large amounts of blood or other body substances, workers should first remove visible organic matter
with absorbent material (e.g., disposable paper towels discarded into leak-proof, properly labeled containment) and then
clean and decontaminate the area.%* %% |f the surface is nonporous and the germicide of choice is household bleach,
then a 1:100 dilution is appropriate for the decontamination step. This assumes, however, that: 1) the worker assigned to
clean the spill is wearing gloves and other personal protective equipment appropriate to the task; 2) the mgjority of the
organic matter of the spill has been removed with absorbent material; and 3) the surface has been cleaned to remove
residual organic matter. A recent study showed that even strong chlorine solutions (i.e., 1:10 dilution of chlorine bleach)
may fail to totally inactivate high titers of virusin large quantities of blood, but in the absence of blood these
disinfectants can achieve complete viral inactivation.®® This supports the need to remove the mgjority of organic matter
from alarge spill before final disinfection of the surface. Additionally, EPA-registered proprietary disinfectant |abel
claims are based on use on a pre-cleaned surface. % %2
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Managing spills of blood, body fluids, or other infectious materialsin clinical, public health, and research laboratories
requires more stringent measures because of the higher potential risk of disease transmission associated with large
volumes of blood and body fluids, and high numbers of microorganisms associated with diagnostic cultures. The use of
an intermediate-level germicide for routine decontamination in the laboratory is prudent.*? Recommended practices for
managing large spills of concentrated infectious agents in the laboratory include: 1) confining the contaminated area; 2)
flooding the area with aliquid chemical germicide before cleaning; and 3) decontaminating with fresh germicidal
chemical of at least intermediate-level disinfectant potency.®*® A suggested technique when flooding the spill with
germicide is to lay absorbent material down on the spill and apply sufficient germicide to thoroughly wet both the spill
and the absorbent material.%? If using a solution of household chlorine bleach, a 1:10 dilution is recommended for this
purpose. Commercial germicides should be used according to the manufacturers’ instructions for use dilution and
contact time. Gloves should be worn during the cleaning and decontamination procedures in both clinical and laboratory
settings. Personal protective equipment in such a situation may include the use of respiratory protection (e.g., N95
respirator) if clean-up procedures are expected to generate infectious aerosols. Protocols for cleaning spills should be
developed and on record as part of good laboratory practice.®?2

4. Carpeting and Cloth Furnishings

a. Carpeting

Carpeting has been used for over 30 yearsin both public and patient-care areas of healthcare facilities. Advantages of
carpeting in patient-care areas include: 1) its noise-limiting characteristics; 2) the “humanizing” effect on health care; and
3) its contribution to reductionsin falls and resultant injuries, particularly for the elderly.®3-%5 Compared to hard-
surface flooring, however, carpeting is harder to keep clean, especially after spills of blood and body substances. Itis
also harder to push equipment with wheels on carpeting (e.g., wheelchairs, carts, gurneys).

Several studies have documented the presence of diverse microbial populations, primarily bacteria and fungi, in
carpeting. 't 96-9%3  The variety and number of microorganisms tend to be stable over. New carpeting quickly becomes
colonized, with bacterial growth plateauing after about four weeks.*® Additionally, vacuuming and cleaning the
carpeting can temporarily reduce the numbers of bacteria, but these populations soon rebound and return to pre-
cleaning levels.%%8 %992 Bacterial contamination tends to increase with higher levels of activity.%7”- %9 %4 Soiled
carpeting that is or remains damp or wet provides an ideal setting for the proliferation and persistence of gram-negative
bacteria and fungi. Carpeting that remains in this condition should be removed.

Despite the evidence of bacterial growth and persistence in carpeting, there is little epidemiol ogic evidence to show that
carpets influence healthcare-associated infection rates in areas housing immunocompetent patients.®2 %4  This
guideline, therefore, includes no recommendations against the use of carpeting in these areas. Nonetheless, itis
reasonable to avoid the use of carpeting in areas where spills are likely to occur (e.g., laboratories, areas around sinks,
janitor closets) and where patients may be at greater risk of infection from airborne environmental pathogens (e.g.,
HSCT units, burn units, intensive care units, operating rooms).''* %6 - An outbreak of aspergillosisin an HSCT unit was
recently attributed to carpet contamination and a particular method of carpet cleaning.*'* A window in the unit had been
opened repeatedly during the time of a nearby building fire, which allowed fungal spore intrusion into the unit. After the
window was sealed, the carpeting was cleaned using a “bonnet buffing” machine, which dispersed Aspergillus spores
into the air.***  Wet vacuuming was instituted, replacing the dry cleaning method used previously; no additional cases of
invasive aspergillosis were identified.

The care setting and the method of carpet cleaning are important factors to consider in effortsto minimize or prevent
production of aerosols and dispersal of carpet microorganisms into the air.%* ' Both vacuuming and shampooing or
wet cleaning with equipment can disperse microorganisms to the air.11 % Vacuum cleaners should be maintained to
minimize dust dispersal in general, and be equipped with HEPA filters, especially for use in high-risk patient-care areas.®
94,927 Some formulations of carpet-cleaning chemicals, if applied or used improperly, can be dispersed into the air as a
fine dust capable of causing respiratory irritation in patients and staff.*” Cleaning equipment, especially those that do
wet cleaning and extraction, can become contaminated with waterborne organisms (e.g., Pseudomonas aeruginosa) and
serve as areservoir for these organisms if this equipment is not properly maintained. Use of such equipment then may
transfer large numbers of bacteriato carpeting during the cleaning process.® It is, therefore, important to keep the
carpet cleaning equipment in good repair, and to alow the unit to dry out between usesif so indicated by the
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manufacturer.

General carpet cleaning should be performed on aregular basis determined by internal policy, although spills of blood
and body substances require prompt spot cleaning using standard cleaning procedures and application of chemical
germicides.®™® Mogt, if not all, modern carpet brands suitable for public facilities are able to tolerate the activity of a
variety of liquid chemical germicides. However, OSHA considers that, compared to nonporous floor surfaces, carpeting
contaminated with blood or other potentially infectious materials cannot be fully decontaminated.®® To comply with
the intent of this interpretation, facilities electing to use carpeting for high-activity patient-care areas may choose carpet
tilesin areas at high risk for spills.®%° |n the event of contamination with blood or other body substances, carpet tiles
can be removed, discarded, and replaced.

Over the last few years, some carpet manufacturers have treated their products with fungicidal and/or bacteriocidal
chemicals. Although these chemicals may help to reduce the overall numbers of bacteria or fungi present in carpet, their
use does not preclude the routine care and maintenance of the carpeting. Limited evidence suggests that chemically
treated carpet may have helped to keep healthcare-associated aspergillosis rates low in one HSCT unit,™'* but overall
there is no indication that use of treated carpeting will prevent the incidence of healthcare-associated infectionsin care
areas for immunocompetent patients.

b. Cloth Furnishings

Upholstered furniture and furnishings are becoming increasingly common in patient-care areas. These furnishings range
from simple cloth chairsin patients rooms to a complete decorating scheme that gives the interior of the facility more
the look of an elegant hotel.°°  Even though pathogenic microorganisms have been isolated from the surfaces of cloth
chairs, there is no epidemiologic evidence that general patient-care areas with cloth furniture have increased rates of
healthcare-associated infection compared to areas with hard-surfaced furniture.®* %2 Allergens, such as dog or cat
dander, have been detected in or on cloth seating in clinics and elsewhere in hospitals in concentrations higher than that
found on bed linens.”® °™*  These are presumably transferred from the clothing of visitors. Researchers have therefore
suggested that cloth chairs should be vacuumed regularly to keep the dust and alergen levelsto aminimum. This
recommendation, however, has generated concerns that aerosols created from vacuuming could place
immunocompromised patients or patients with preexisting lung disease (e.g., asthma) at risk for development of
healthcare-associated, environmental airborne disease.® 2 19929 At present it is reasonable to minimize the use of
upholstered furniture and furnishings in any patient-care areas where immunosuppressed patients are located (e.g.,
HSCT units).®

5. Flowersand Plantsin Patient-Care Areas

Fresh flowers, dried flowers, and potted plants are common items in healthcare facilities. 1n 1974, clinicians isolated an
Erwinia sp. post mortem from a neonate diagnosed with fulminant septicemia, meningitis, and respiratory distress
syndrome.®”® Since Erwinia spp. are plant pathogens, plants brought into the delivery room were suspected as the
source of the bacteria, athough the case report did not definitively establish adirect link. A number of subsequent
studies evaluated the numbers and diversity of microorganismsin the vase water of cut flowers. These studies revealed
that high concentrations of bacteria, ranging from 10* - 10" CFU/mL, were often present, especially if the water was
changed infrequently.4% 670976 - The major group of microorganismsin flower vase water was gram-negative bacteria,
with Pseudomonas aer uginosa the most frequently isolated organism.4% 670.976.977 p_geruginosa was also the major
organism directly isolated from chrysanthemums and other potted plants.®”® °° However, flowers in hospitals were not
significantly more contaminated with bacteria compared to flowers in restaurants or in the home.®° Additionally, there
were no differences in the diversity and degree of antibiotic resistance of bacteriaisolated from hospital flowers
compared to bacteria from flowers el sewhere.5”

Despite the diversity and large numbers of bacteria associated with flower vase water and potted plants, thereislittle or
no evidence to indicate that the presence of plants in immunocompetent patient-care areas poses an increased risk of
healthcare-associated infection.*®® In one small study among surgical patients, no correlation was observed between
bacterial isolates from flowers in the area with the incidence and etiology of postoperative infections among the
patients.°””  Similar conclusions were reached in a study which looked at the bacteria of potted plants.®”® Nonetheless, it
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is prudent to implement some precautions for general patient-care settings, such as: 1) limiting flower and plant care to
staff with no direct patient contact; 2) if thisis not feasible, then advising healthcare staff to wear gloves when handling
plants; 3) washing hands after handling plants; 4) changing vase water every two days and discharging the water into a
sink outside the immediate patient environment; and 5) cleaning and disinfecting vases after use.t”

Some researchers have looked into the possibility of adding a chemical germicide to vase water to control bacterial
populations. Chemicals such as hydrogen peroxide and chlorhexidine appear to be reasonably well tolerated by
plants.%77- %80 %81 Jse of these chemicals, however, was not evaluated in studies to assess impact on healthcare-associated
infection rates. Modern florists now have a variety of products available to add to vase water to extend the life of cut
flowers and to minimize bacterial clouding of the water.

Flowers (fresh and dried) and ornamental plants, however, may serve as areservoir of Aspergillus spp., and dispersal of
conidiosporesinto the air from this source is a strong possibility.'® Healthcare-associated outbreaks of invasive
aspergillosis reinforce the importance of maintaining an environment as free of Aspergillus spp. spores as possible for
patients with severe, prolonged neutropenia. Both fresh-cut flowers and dried flower arrangements may provide a
reservoir for these fungi as well as other fungal species (e.g., Fusarium spp.).1% %2  Researchers in one of the small
studies of bacteria and flowers suggested that flowers and vase water should be avoided in areas providing care to
medically at-risk patients (e.g., oncology patients, transplant patients), although this study did not attempt to correlate the
observations of bacterial populations in the vase water with the incidence of healthcare-associated infections.*® It is
therefore reasonable to exclude flowers and plants from areas where immunosuppressed patients may be located (e.g.,
HSCT units).®

6. Pest Control

Cockroaches, flies and maggots, ants, mosquitos, spiders, mites, midges, and mice are among the typical arthropod and
vertebrate pest populations found in healthcare facilities. Insects can serve as agents for the mechanical transmission of
microorganisms, or as active participants in the disease transmission process by serving as a vector.%3-%5  Arthropods
recovered from healthcare facilities have been shown to carry awide variety of pathogenic microorganisms,®6 - 92
Studies have suggested that the diversity of microorganisms associated with insects reflects the microbial populations
present in the indoor healthcare environment; some pathogens encountered in insects from hospitals were either absent
from or present to alesser degree in insects trapped from residential settings.®3-%% Some of the microbial populations
associated with insects in hospitals have demonstrated resistance to antibiotics,%8* 995 997, 9%

Insect habitats are characterized by warmth, moisture, and availability of food.**® Insects foragein and feed on
substrates, including but not limited to food scraps from kitchens/cafeteria, foods in vending machines, discharges on
dressings either in use or discarded, other forms of human detritis, medical wastes, human wastes, and routine solid
waste.®- %7  Cockroaches, in particular, have been known to feed on fixed sputum smears in laboratories.1% 1% Both
cockroaches and ants are frequently found in the laundry, central sterile supply departments, or anywhere in the facility
where water or moisture is present (e.g., sink traps, drains, janitor closets). Antswill often find their way into sterile
packs of items as they forage in awarm, moist environment.®® Cockroaches and other insects frequent loading docks
and other areas with direct access to the outdoors.

Although insects carry awide variety of pathogenic microorganisms on their surfaces and in their gut, the direct
association of insects with disease transmission (apart from vector transmission) is largely circumstantial, especialy in
healthcare settings; insects do not appear to play amajor or singular role in healthcare-associated disease transmission in
developed countries. Some studies have been conducted to examine the role of houseflies as possible vectors for
shigellosis and other forms of diarrheal disease in non-healthcare settings.® %2 \When control measures aimed at
reducing the fly population density were implemented, a concomitant reduction in the incidence of diarrheal infections,
carriage of Shigella organisms, and mortality due to diarrhea among infants and young children were observed.

From a public health and hygiene perspective, it is reasonable to control and eradicate arthropod and vertebrate pests
from all indoor environments, including healthcare facilities.®* 104 Modern approaches to institutional pest
management usually focus on: 1) eliminating food sources, indoor habitats, and other conditions that attract pests; 2)
excluding pests from the indoor environments; and 3) applying pesticides as needed.’®®  Sealing windows in modern
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healthcare facilities helps to minimize insect intrusion. When windows need to be opened for ventilation, ensuring that
screens are in good repair and closing doors to the outside can help with pest control. Insects need to be kept out of all
areas of the healthcare facility, but thisis especially important for the operating rooms and any area where
immunosuppressed patients are located. A pest control specialist with appropriate credentials can provide a regular
insect control program that is tailored to the needs of the facility and uses approved chemicals and/or physical methods.
Industrial hygienists can provide information on possible adverse reactions of patients and staff to pesticides and suggest
alternative methods for pest control as needed.

7. Special Pathogen Concerns

a. Antibiotic-Resistant Gram-Positive Cocci

Vancomycin-resistant enterococci (VRE), methicillin-resistant Staphylococcus aureus (MRSA), and S. aureus with
intermediate levels of resistance to glycopeptide antibiotics (VISA or GISA) represent serious and increasing concerns
for infection control. While the term GISA is technically a more accurate description of the strains isolated to date, most
of which are classified as having intermediate resistance to both vancomycin and teicoplanin, the term “ glycopeptide”
may not be recognized by many clinicians. Thus the label of VISA, which emphasizes a change in minimum inhibitory
concentration (MICs) to vancomycin, is similar to that of VRE and is more meaningful to clinicians.’®® According to
National Nosocomial Infection Surveillance (NNIS) statistics for infections acquired among intensive care unit patients
in the United Statesin 1999, 52.3% of infections due to S. aureus were identified as MRSA infections, and 25.2% of
enterococcal infections were attributed to VRE. These figures reflect a 37% and a 43% increase, respectively, since 1994-
98.1007

People represent the major reservoir of S. aureus.™®®  Although S. aureus has been isolated from a variety of
environmental surfaces (e.g., stethoscopes, floors, charts, furniture, dry mops, hydrotherapy tanks), the role of
environmental contamination in transmission of this organism appears to be minimal.19°- 1012 5 aureus contamination
of surfaces and tanks within burn therapy units, however, may be important in the transmission of infection among burn
patients, 1013

The colonized patient is the principal reservoir of VRE, and patients who are immunosuppressed (e.g., transplant
patients) or otherwise medically at-risk (e.g., intensive care unit patients, cardio-thoracic surgical patients, patients
previously hospitalized for extended periods, or those having received multi-antimicrobial or vancomycin therapy)
appear to be at greatest risk for VRE colonization.X®4- 1% The mechanisms by which cross-colonization take place are
not well defined, although recent studies have indicated that both MRSA and VRE may be transmitted either: 1) directly
from patient to patient; 2) indirectly by transient carriage on the hands of healthcare workers;1%¢- 192! or 3) by hand
transfer of these gram-positive organisms from contaminated environmental surfaces and patient-care equipment. 1014 1017,
1022-1027 |n one survey, hand carriage of VRE in workers in along-term care facility ranged from 13 - 41%.19%2  Many of
the environmental surfaces found to be contaminated with VRE in outbreak investigations have been those which are
touched frequently by the patient or the healthcare worker.2%?  Such high-touch surfaces include, but are not limited to
bedrails, doorknobs, bed linens, gowns, overbed tables, blood pressure cuffs, computer table, bedside tables, and
various medical equipment. 2% 1017. 10241025, 1030 - Contamination of environmental surfaces with VRE generally occursin
areas where colonized patients are present, 1017 1022.1024.1025 Kyt the potential for contamination increases when such
patients have diarrhea,®” or have multiple body site colonization.'®! Additional factors which can be important in the
dispersion of these pathogens to environmental surfaces are misuse of glove techniques by healthcare workers,
especially when cleaning fecal contamination from surfaces; and patient, family, and visitor hand hygiene and personal
hygiene.

Interest in the importance of environmental reservoirs of VRE increased when laboratory studies demonstrated that
enterococci can persist in aviable state on dry environmental surfaces for extended periods of time (7 daysto 4
months)19%. 1932 and multiple strains can be identified during extensive periods of surveillance.’®®* VRE can be
recovered from inocul ated hands of healthcare workers (with or without gloves) for up to 60 minutes.?? The presence
of either MRSA, VISA, or VRE on environmental surfaces, however, does not mean that patients in the contaminated
areas will become colonized. Strict adherence to handwashing and the proper use of barrier precautions help to
minimize the potential for spread of these pathogens. Published recommendations for preventing the spread of
vancomycin resistance address isolation measures, including patient cohorting and management of patient-care items.®
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Careful cleaning of patient rooms and medical equipment isimportant to the overall control of MRSA, VISA, or VRE
transmission, but should not be the major focus of a control program for either VRE or MRSA. Routine cleaning and
disinfection of the housekeeping surfaces (e.g., floors, walls) and patient-care surfaces (e.g., bedrails) should be
adequate for inactivation of these organisms. Both MRSA and VRE are susceptible to a variety of low- and
intermediate-level disinfectants such as alcohols and sodium hypochlorite; quaternary ammonium compounds,
phenolics, and iodophors at recommended use dilutions for environmental surface disinfection.1®3-10%  Additionally,
both VRE and vancomycin-sensitive enterococci appear to be equally sensitive to inactivation by chemical

germicides, 1033 1034, 1036 gnd gimilar observations have been made when comparing the germicidal resistance of MRSA to
that of either methicillin-sensitive S. aureus (MSSA) or VISA.1%" Thereis no indication for using stronger solutions of
disinfectants for inactivation of either VRE, MRSA, or VISA because of the organisms’ resistance to antibiotics,2%7: 1038
VRE from clinical specimens have exhibited some measure of increased tolerance to heat inactivation in temperature
ranges <100°C (<212°F),1033.10%9 Kyt the clinical significance of these observationsis unclear because the role of cleaning
the surface or item prior to heat treatment wasn't evaluated. Although routine environmental sampling is not
recommended, |aboratory surveillance of environmental surfaces during episodes when VRE contamination is suspected
can help determine the effectiveness of the cleaning and disinfecting procedures. Environmental culturing should be
approved and supervised by the infection control program in collaboration with the clinical laboratory. 1014 1017, 1018, 1022,

One concern is that standard procedures during terminal cleaning and disinfection of surfaces may be inadequate for the
elimination of VRE from patient rooms.1%%-1%42 - Gjven the sensitivity of VRE to hospital disinfectants, current
disinfecting protocols should be effective if they are diligently carried out and properly performed. Healthcare facilities
should be sure that housekeeping staff use correct procedures for cleaning and disinfecting surfacesin VRE-
contaminated areas. These include using sufficient amounts of germicide at proper use dilution and adequate contact
time of the surface with the germicide liquid.1*?

b. Clostridium difficile

Clostridium difficile is the most frequent etiologic agent for healthcare-associated diarrhea.®® 1% |n one hospital, 30%
of adults who devel oped healthcare-associated diarrhea were postive for C. difficile®® Most patients remain
asymptomatic after infection, but the organism continues to be shed in their stools. Risk factors for acquiring C.
difficile-associated infection include: 1) exposure to antibiotic therapy, particularly with $-lactam agents;’** 2)
gastrointestinal procedures and surgery;'®’ 3) advanced age; and 4) indiscriminate use of antibiotics.'*®-1%! Of all the
measures that have been used to prevent the spread of C. difficile-associated diarrhea, the most successful measure has
been the restriction of the use of antimicrobial agents,1%52 1053

Clostridium difficile is an anaerobic, gram-positive bacterium. Normally fastidiousin its vegetative state, it is capable of
sporulating when environmental conditions no longer support its continued growth. The capacity to form spores enables
the organism to persist in the environment (e.g., in soil, on dry surfaces) for extended periods of time. Environmental
contamination by this microorganism is well known, especially wherever fecal contamination may occur.’® Thereis
little evidence, especially for housekeeping surfaces (e.g., floors, walls), that the environment is a direct source of
infection for patients,%3 1055-105%  However, direct exposure to contaminated patient-care items (i.e., rectal thermometers)
and high-touch surfaces in patients' bathrooms have been implicated as sources of infection,1053 1058, 1060, 1061

Transfer of the pathogen to the patient via the hands of healthcare workersis thought to be the most likely mechanism of
exposure.? 1051062 Grandard isolation techniques intended to minimize enteric contamination of patients, healthcare
worker hands, patient-care items, and environmental surfaces have been published.®® Handwashing remains the major
means of reducing hand contamination. Proper use of glovesis an ancillary measure that hel ps to further minimize
transfer of these pathogens from one surface to another.

The degree to which the environment becomes contaminated with C. difficile spores is proportional to the number of
patients with C. difficile-associated diarrhea,?* 1% 1058 glthough asymptomatic, colonized patients may also serve as a
source of contamination. Few studies have examine the use of specific chemical germicides for the inactivation of C.
difficile spores, and no well-controlled trials to determine efficacy of surface disinfection and itsimpact on healthcare-
associated diarrhea have been conducted. Some investigators have evaluated the use of chlorine-containing chemicals
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(e.g., 1:100 dilutions of unbuffered hypochlorite, phosphate-buffered hypochlorite [1600 ppm]), and showed that the
number of contaminated environmental sites was reduced by half.2®  The recommended approach to environmental
infection control with respect to C. difficileis meticulous cleaning and disinfection using proper use dilutions and contact
times for environmental surface germicides as appropriate. %% 1053 1063

c. Respiratory and Enteric Virusesin Pediatric Care Settings

Although the viruses mentioned here are not unique to the pediatric care setting in healthcare facilities, their prevalence
in these areas, especially during the winter months, is significant. Children, particularly neonates, are more likely to
develop infection with significant clinical disease from these agents compared to adults, and accordingly are more likely
to require supportive care during their illness.

Common respiratory viruses in pediatric care areas include rhinoviruses, respiratory syncytial virus (RSV),
adenoviruses, influenza viruses, and parainfluenza viruses. Transmission of these viruses occurs primarily via direct
contact with small-particle aerosols or via hand contamination with respiratory secretions that are then transferred to the
nose or eyes. Since transmission primarily requires close personal contact, contact precautions are appropriate to
interrupt transmission.® Hand contamination can occur from direct contact with secretions, or indirectly from touching
high-touch environmental surfaces that have become contaminated with virus from large droplets. The efficiency of the
latter form of transmission is dependent on the ability of these viruses to survive on environmental surfaces. Infectious
RSV has been recovered from skin, porous surfaces, and non-porous surfaces after 30 minutes, 1 hour, and 7 hours
respectively.1®4  Parainfluenza viruses are known to persist for up to 4 hours on porous surfaces and up to 10 hours on
non-porous surfaces.’®  Rhinoviruses can persist on porous surfaces and non-porous surfaces for approximately 1 and
3 hours respectively; study participants in a controlled environment became infected with rhinoviruses after first
touching a surface with dried secretions and then touching their nasal or conjunctival mucosa.'®® Although the
efficiency of direct transmission of these viruses from surfaces in uncontrolled settings remains to be defined, these data
underscore the basis for maintaining regular protocols for cleaning and disinfecting of high-touch surfaces.

The clinically important enteric viruses encountered in pediatric care settings include enteric adenovirus, astroviruses,
caliciviruses, and rotavirus. Group A rotavirus isthe most common cause of infectious diarrhea in infants and children;
transmission is primarily fecal-oral. The role of fecally-contaminated surfaces and fomites in rotavirus transmission is
unclear. During one epidemiologic investigation of enteric disease among children attending day-care, rotavirus
contamination was detected on 19% of inanimate objects in the center.%"- %8  |n an outbreak in a pediatric unit,
secondary cases of rotavirus infection tended to cluster in areas where children with rotaviral diarrhea were located.%%®
Outbreaks of small round-structured viruses (i.e., caliciviruses [Norwalk virus and Norwalk-like viruses]) can affect
both patients and staff, with attack rates >50%.1° Routes of person-to-person transmission include fecal-oral spread
and aerosols from vomiting.171- 173 Fecal contamination of surfaces in care settings may potentially spread large
amounts of either virus to the environment. Studies which have attempted to use low- and intermediate-level
disinfectants to inactivate rotavirus suspended in feces have demonstrated the protective effect of high concentrations of
organic matter.194 1% |ntermediate-level disinfectants (e.g., alcoholic quaternary ammonium compounds, chlorine
solutions) can be effective in inactivating enteric viruses provided that a cleaning step to remove most of the organic
matter precedes terminal disinfection.’™ These findings underscore the need for proper cleaning and disinfecting
procedures where contamination of environmental surfaces with body substancesis likely. Using disposable, protective
barrier coverings may help to minimize the degree of surface contamination.®

d. Creutzfeldt-Jakob Disease (CJD) in Patient-Care Areas

Creutzfeldt-Jakob disease (CJD) isarare, invariably fatal, transmissible spongiform encephal opathy (TSE) occurs
worldwide with an average annual incidence of 1 case per million population.’°®-197®  CJD is one of several TSEs
affecting humans; othersinclude kuru, fatal familial insomnia, and Gerstmann-Straussler-Scheinker syndrome. A TSE
that affects a younger population (compared to the age range of CJD cases) has been described primarily in the United
Kingdom since 1996.1°”° This variant form of CID (vCJD) isclinically and neuropathologically distinguishable from
classic CJD, and there is strong epidemiologic and laboratory evidence which suggests a causal association between
bovine spongiform encephal opathy (BSE [Mad Cow disease]) and vCJD.107° - 1082

The agent associated with CJD is a prion, which is an abnormal isoform of a normal protein constituent of the central
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nervous system.1%3- 108 The mechanism by which the normal form of the protein is converted to the abnormal, disease-
causing prion is unknown. The tertiary conformation of the abnormal prion protein appears to confer a heightened
degree of resistance to conventional methods of sterilization and disinfection,108 1087

Although the mgjority of classic CID cases (~ 90%) occur sporadically, an extremely limited number of cases are the
result of a direct exposure to prion-containing material, usually central nervous system tissue, or pituitary hormones.
Designated iatrogenic cases, these have been linked to pituitary hormone therapy,1%88-1% transplants of either dura mater
or corneas,'®!-1%7 or neurosurgical instruments and depth electrodes.’®®- 1101 |n the cases involving instruments and
depth electrodes, inadequate cleaning and terminal reprocessing of these devices failed to fully inactivate the
contaminating prions.

Prion inactivation studies involving whole tissues and tissue homogenates have been conducted to determine the
parameters of physical and chemical methods of sterilization or disinfection necessary for complete inactivation,2086. 1102-
1107 The application of these findings to environmental infection control in healthcare settings is problematic. Despite a
consensus that abnormal prions display some extreme measure of resistance to inactivation by either physical or
chemical methods, scientists disagree about the exact conditions needed for sterilization. Inactivation studies utilizing
whole tissues present extraordinary challenges to any sterilizing method.'% Additionally, the experimental design of
these studies preclude the evaluation of surface cleaning as a part of the total approach to pathogen inactivation.%®

Some researchers have recommended the use of 1:2 to full-strength sodium hypochlorite (20,000 - 50,000 ppm) or 1-2 N
sodium hydroxide (NaOH) for the inactivation of prions on surfaces, such as in the pathology |aboratory. 1086 1104
Although this may be appropriate for the decontamination of |aboratory, operating room, or autopsy room surfaces with
central nervous system tissue contact from a known or suspected patient, this approach is not indicated for routine or
terminal cleaning of aroom previously occupied by a CJID patient. Both solutions pose hazards for the healthcare
worker doing the decontamination. NaOH is caustic and should not make contact with the skin. Sodium hypochlorite
solutions (chlorine bleach) can corrode metals such as aluminum. MSDS information should be consulted when
attempting to work with concentrated solutions of either chemical.

Environmental infection control strategies need to be based on the principles of the “Chain of Infection,” regardless of
the disease of concern.® Although CJD istransmissible, it is not highly contagious. To date, all iatrogenic cases of CID
have been linked to a direct exposure to prion-contaminated central nervous system tissue or pituitary hormones. The
six documented iatrogenic cases associated with instruments and devices involved neurosurgical instruments and devices
that introduced residual contamination directly to the recipient’s brain. Thereis no evidence to date that vCJID has been
transmitted iatrogenically. Thereis no evidence that either CID or vCJID has been transmitted from environmental
surfaces such as the housekeeping surfaces. Therefore, routine procedures are adequate for terminal cleaning and
disinfection of a CJD patient’s room. Additionally, epidemiologic studies on highly transfused patients indicate that
blood does not appear to be an source for prion transmission.!1®- 114  Routine procedures for containing,
decontaminating, and disinfecting surfaces with blood spills should be adequate for proper infection control in these
situations. Guidance for environmental infection control in operating rooms and autopsy areas has been published.!**
1114 Disposable, impermeable coverings should be used during autopsies to minimize surface contamination. Surfaces
that have become contaminated with central nervous system tissue or cerebral spinal fluid should be cleaned and
decontaminated by: 1) removing the majority of the tissue or body substance with absorbent materials; 2) wetting the
surface with a sodium hypochlorite solution containing minimally

>20,000 ppm (e.g., a1:2 dilution at aminimum) or a1 - 2 N NaOH solution for 1- 2 hours; and 3) rinsing thoroughly. 1>

1114

F. Environmental Sampling

(Note: This portion of Part | will address basic principles and methods of sampling environmental surfaces and sources
primarily for microorganisms, whereas the applied strategies of sampling with respect to environmental infection control
has been discussed previously in the appropriate subsections).

1. General Principles- Microbiologic Sampling of the Environment
Before 1970, U.S. hospitals conducted regularly scheduled culturing of the air and environmental surfaces such as floors,
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walls, and table tops.1*** By 1970, CDC and the American Hospital Association (AHA) were advocating the
discontinuation of routine environmental culturing because rates of healthcare-associated infection had not been related
to levels of general microbial contamination of air or environmental surfaces, and meaningful standards for permissible
levels of microbial contamination of environmental surfaces or air did not exist.116- 1118 Between 1970 and 1975, 25%
of U.S. hospitals reduced the extent of such routine environmental culturing; this trend has continued since then, 1% 1120

Random, undirected sampling (referred to as “routing” in previous guidelines) differs from the current practice of
targeted sampling for defined purposes.? 1**”  Previous recommendations against routine sampling were not intended to
discourage the use of sampling for which sample collection, culture, and interpretation are conducted in accordance with
defined protocols.? In this guideline, targeted microbiological sampling connotes a monitoring process that includes: 1)
awritten, defined, multidisciplinary protocol for sample collection and culturing; 2) analysis and interpretation of results
using scientifically determined or anticipatory baseline values for comparison; and 3) expected actions based on the
results obtained.

Microbiological sampling of air, water, and inanimate surfaces (i.e., environmental sampling) is an expensive and time-
consuming process which is complicated by many variables in protocol, analysis, and interpretation. It istherefore
indicated for only four situations.**?  The first is to support of an investigation of an outbreak of disease or infections
when environmental reservoirs or fomites are implicated epidemiologically in disease transmission %% 1122 1123 |t jg
important that such culturing be supported by epidemiologic data. Environmental sampling, as with all laboratory
testing, should not be conducted if there is no plan for interpreting and acting on the results obtained.!? 11241125 | inking
microorganisms from environmental samples with clinical isolates by molecular epidemiology is crucial.

The second situation for which environmental sampling may be warranted isin research. Well-designed and controlled
experimental methods and approaches can provide new information about the spread of healthcare-associated
diseases.1%6:12° A classic exampleis the study of environmental microbial contamination that compared healthcare-
associated infection rates in an old hospital and a new facility before and shortly after occupancy.®%®

The third indication for sampling is to monitor a potentially hazardous environmental condition, confirm the presence of
a hazardous chemical or biological agent, and validate the successful abatement of the hazard. This type of sampling can
be used to: 1) detect bioaerosols released from the operation of healthcare equipment [e.g., an ultrasonic cleaner] and
determine the success of repairs in containing the hazard;*'% 2) detect the release of an agent of bioterrorism in an

indoor environmental setting, and determine its successful removal or inactivation; and 3) sample for industrial hygiene
or safety purposes (e.g., monitor a“sick building”).

The fourth indication is for quality assurance to evaluate the effects of a change in infection control practice or ensure
that equipment or systems perform according to specifications and expected outcomes. Any sampling for quality
assurance purposes must follow sound sampling protocols and address confounding factors through the use of properly
selected controls. Results from a single environmental sample are difficult to interpret in the absence of aframe of
reference or perspective. Evaluations of a change in infection control practice are based on the assumption is that the
effect will be measured over afinite period, usually of short duration. In general conducting quality assurance sampling
on an extended basis, especially in the absence of an adverse outcome, is unjustified. A possible exception to this
statement might be the use of air sampling during major construction periods to qualitatively detect breaksin
environmental infection control measures. In one study, which began as part of an investigation of an outbreak of
healthcare-associated aspergillosis, airborne concentrations of Aspergillus spores were measured in efforts to evaluate
the effectiveness of sealing hospital doors and windows during a period of construction of a nearby building.* Other
examples of sampling for quality assurance purposes may include commissioning newly constructed space in specia
care areas (i.e., operating rooms, units for immunosuppressed patients) or assessing a change in housekeeping practice.
With respect to the second of the instances mentioned above, the only routine environmental microbiologic sampling
generally recommended as part of a quality assurance program is the biological monitoring of sterilization processes by
using bacterial spores,''?” and monthly cultures of water used in hemodialysis applications and for the final dialysate use
dilution. Some experts also advocate periodic environmental sampling to evaluate the microbial/particul ate quality for
regular maintenance of the air handling system (e.g., filters) and to verify that the components of the system meet
manufacturer’s specifications.?>® Certain equipment in healthcare settings (e.g., biological safety cabinets), may also be
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monitored with air flow and or particulate sampling for performance or as part of compliance with a certification
program, comparing the results to a predetermined standard of performance. These measurements, however, do not
normally involve microbiologic testing.

2. Air Sampling

Biological contaminants occur in the air as aerosols, and may include bacteria, fungi, viruses, and pollens, 1128 1129
Aerosols are characterized as solid or liquid particles suspended in air. Taking for five minutes and coughing each can
produce 3,000 droplet nuclei; sneezing can generate approximately 40,000 droplets which then evaporate to particles in
the sizerange of 0.5 - 12 um.=¥" 1130 Particlesin a biological aerosol usualy vary in size from <1 pm to >50 um. These
particles may consist of a single, unattached organism or may occur in the form of clumps composed of a number of
bacteria. Clumps can also include dust and dried organic or inorganic material. Vegetative forms of bacterial cells and
viruses are probably present in the air in alesser number than bacterial spores or fungal spores. Factors that determine
the survival of microorganisms within a bioaerosol include: 1) the suspending medium; 2) temperature; 3) relative
humidity; 4) oxygen sensitivity; and 5) exposure to UV or electromagnetic radiation.’'® Many vegetative cells ordinarily
will not survive very long in the air unless the relative humidity and other factors are favorable for survival and the
organism is enclosed within some protective cover (e.g., dried organic or inorganic matter).1'?® Pathogens which resist
drying (e.g., Saphylococcus spp., Streptococcus spp., fungal spores) will survive for relatively long periods and can be
carried considerable distances while still viable. They may also settle on surfaces and become airborne again as
secondary aerosols during activities such as sweeping and bed making. 1128 1131

Microbiologic air sampling is used as needed to determine the numbers and types of microorganisms, or particulates in
indoor air.2®  Air sampling for quality control is, however, problematic dueto lack of uniform air quality standards.
Although airborne spores of Aspergillus spp. can pose arisk for neutropenic patients, the critical number (i.e., action
level) of these spores above which outbreaks of aspergillosis would be expected to occur has not been characterized.
Healthcare professionals considering the use of air sampling should keep in mind that the results represent indoor air
quality at singular points of time and may be affected by a variety of factorsincluding: 1) indoor traffic; 2) visitors
coming into the facility; 3) temperature; 4) time of day or year; 5) relative humidity; 6) relative concentration of particles
or organisms; and 7) the performance of the air handling system components. Air sampling results need to be compared
to determinations from other defined areas, conditions, or time periods in order to be meaningful.

Table 33 summarizes the preliminary concerns when designing a microbiologic air sampling strategy. Because the
amount of particulate material and bacteriaretained in the respiratory system islargely dependent on the size of the
inhaled particles, some thought should be givento a determination of particle size when studying airborne
microorganisms and their relation to respiratory infections. Particles >5 um are efficiently trapped in the upper
respiratory tract and are removed primarily by ciliary action.’*2  Particles <5 um in diameter reach the lung, but the
greatest retention in the alveali is of particles 1-2 um in diameter.1133- 1135

Table 33. Preliminary Concernsfor Conducting Air Sampling

O Consider the possible characteristics and conditions of the aerosol, including size range of particles, relative amount of inert
material, concentration of microorganisms, and environmental factors.

O Determine the type of sampler, sampling time, and duration of the sampling program.

O Determine the number of samplesto be taken.

O Ensure that adequate equipment and supplies are available.

O Determine the method of assay which will insure optimal recovery of microorganisms.

O Select alaboratory which will provide proper microbiologic support.

O Ensure that samples can be refrigerated if they cannot be assayed in the laboratory immediately.

Bacteria, fungi, and particulatesin air can be determined with basically 